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SUMMARY

An experiment has been conducted in the Langley 16-Foot Transonic Tunnel to
determine the static and wind-on performance of two nonaxisymmetric wedge nozzles.
This experiment continued efforts to compile a detailed and comprehensive data base
on nonaxisymmetric nozzles. The nozzle geometries represented two different nozzle
throat areas and expansion ratios. Tests were conducted at wind-off conditions and
at free-stream Mach numbers of 0.60, 0.80, 0.90, 0.94, and 1.20. The range of nozzle
pressure ratios varied with nozzle geometry and Mach number. Data are presented as
discharge coefficients, internal thrust ratios, thrust-minus-nozzle drag ratios,
ideal thrust coefficients, and internal and external static-pressure distributions.
The static-pressure data were analyzed to determine characteristics of the nozzle
internal and external flow fields.

INTRODUCTION

Current jet fighter aircraft are designed for high maneuverability over a wide
range of Mach numbers and power settings. A propulsion exhaust-nozzle system with
variable geometry enhances the aircraft performance at different engine throttle
settings. Recent investigations of the effects of nozzle design on advanced jet
aircraft performance have shown that nonaxisymmetric nozzles can not only meet per-
formance requirements but also allow several valuable propulsion-system design
options (refs. 1 to 4). The nonaxisymmetric nozzle geometry integrates well into
multiengine airframe designs and results in low installed drag. The utilization of
nonaxisymmetric nozzles also facilitates thrust vectoring and thrust reversing capa-
bilities which improve the overall aircraft maneuverability and handling characteris-
tics and reduce take-off and landing distances (ref. 5).

An extensive data base is needed to fully assess the isolated and integrated
performance of nonaxisymmetric nozzle designs. A detailed, comprehensive data base
gives insight into the appropriate use of different nonaxisymmetric nozzle geome-
tries. A data base also provides data for test cases which are essential in the
development and evaluation of computational methods for predicting isolated and
installed nozzle flow fields. Internal static-pressure data from several nonaxisym-
metric nozzle configurations (refs. 6 and 7) have been used to evaluate the accuracy
of two-dimensional and three-dimensional computational models in predicting nozzle
internal flow (refs. 8 to 10).

To expand the current nonaxisymmetric nozzle data base, an investigation has
been conducted to measure pressures and forces on a wedge nozzle, one of several
different generic types of nonaxisymmetric nozzles. Two wedge nozzle configurations
representing two different throat areas and expansion ratios were chosen for the
investigation. These two configurations were based on nozzle geometries which were
tested at static conditions in an earlier experimental investigation (ref. 11). The
nozzles were redesigned for wind-on testing and were also modified to include exten-
sive pressure-orifice instrumentation. The two wedge nozzles were tested in the
Langley 16~-Foot Transonic Tunnel over a range of free-stream Mach numbers and nozzle
pressure ratios. Static and wind-on data are presented as discharge coefficients,
internal thrust ratios, thrust-minus-nozzle drag ratios, ideal thrust coefficients,
and internal and external pressure distributions.



SYMBOLS

All forces and angles are referred to the model center line (body axis). Wind
axes are equivalent to body axes since the angle of attack was 0° for this

investigation.
Ae nozzle exit area, cm?
Ae/At nozzle expansion ratio
A, maximum cross—-sectional area of model, cm2
Rgeal cross—-sectional area enclosed by seal strip at station 67.31, cm2
At nozzle throat area, cm?
a(x') function used in defining horizontal component of superellipse geometry in
figures 2 and 3
a, constants used in evaluating a(x') 4in figure 2
b(x') function used in defining vertical component of superellipse geometry in
figqures 2 and 3
b, constants used in evaluating b(x') in figure 2
Cr 1 ideal isentropic gross thrust coefficient, Fi/PmAm for static conditions
’ and Fi/qum for wind-on conditions
Cp pressure coefficient, (p - pw)/qm
Df external skin-friction drag measured from metric break (station 67.31) to
start of nozzle (station 139.83), positive downstream, N
D, nozzle drag, Pressure drag + Friction drag, N
d maximum height of model, cm
F measured thrust along body axis, N
FA,mom momentum tare axial force due to bellows, N
Fpal axial force measured by main balance, N
(y=1) /v
F. ideal isentropic gross thrust, w RT, . 1-(— , N
1 b t,J P .
t,J
h half-height of nozzle at start of nozzle boattail (station 141.73), cm
he internal height of nozzle exit, cm
ht height of nozzle throat, cm



rw,1'rw,2

r1 ,r2,r3

nozzle length from start of boattail (station 141.73) to end of wedge, cm
length from start of boattail (station 141.73) to nozzle exit, cm

length of wedge, cm

free-stream Mach number

Reynolds number per meter

local static pressure, Pa

average static pressure at external seal at the metric break
(station 67.31), Pa

average internal static pressure, Pa
tunnel total pressure, Pa
jet total pressure, Pa
free~stream static pressure, Pa
free-stream dynamic pressure, Pa
gas constant (for vy = 1.3997), 287.3 J/kg-K
radius used in defining superellipse geometry in figures 2 and 3, cm
radius used to define sidewall geometry in figure 5, cm
radii used to define wedge geometry in figure 5, cm

radii used to define internal and external flap geometry in
figure 5, cm

tunnel total temperature, K

jet total temperature, K

¥/ (2y-2) aee | P, A
2 ) 9.80665Y |~ t,3 t, kq/sec

+ 1 R T
Y t,3

ideal mass-flow rate, (

measured magss—-flow rate, kg/sec
discharge coefficient

axial distance measured from start of boattail (station 141.73), positive
downstream, cm

axial distance measured from start of model nose, positive downstream, cm

axial coordinate of nozzle exit, cm



Xf ¢ axial flap coordinate at nozzle throat (see fig. 5), cm
’

X axial coordinates used to define flap geometry in figure 5, cm

axial coordinates used to define flap radius locations in

X X
r,2’"r,3
! ! figure 5, cm

axial coordinate used to define sidewall geometry in figure 5, cm

Xs,1
Xy r axial coordinate used to define wedge radius in fiqure 5, cm

I
X, & axial wedge coordinate at nozzle throat (see fig. 5), cm

I
xw,O'xw,1’xw,2’xw,3 axiél coordinates used to define wedge geometry in

figure 5, cm

v vertical distance from model center line, positive up, used in coordinate

system of figures 5 and 6, cm

y'(x') vertical distance from model center line, positive up, used in coordinate
system of figures 2 and 3, cm

Yp vertical coordinate of external flap edge at nozzle exit (see fig. 5), cm
Yo vertical coordinate of internal flap edge at nozzle exit (see fig. 5), cm
Ye, ¢ vertical flap coordinate at nozzle throat (see fig. 5), cm

Yn vertical coordinates used to define flap geometry in figure 5, cm

vertical coordinates used to define flap radius locations in

Yr,1'¥r,2'¥r,3 :
figqure 5, cm

Vg vertical coordinate of sidewall external edge at end of nozzle (gee
fig. 5), cm

vertical wedge coordinate at nozzle exit (see fig. 5), cm

Yy,e

Yuw,r vertical coordinate used to define wedge radius in figure 5, cm

Yw,t vertical wedge coordinate at nozzle throat (see fig. 5), cm

Yw,1Yw,2 vertical coordinates used to define wedge geometry in figure 5, cm

z lateral distance.from model center line, positive to right looking upstream,
used in coordinate system of figures 5 and 6, cm

z'(x') lateral distance from model center line, positive to right looking upstream,
used in coordinate system of figures 2 and 3, cm

zs,b lateral coordinate of external sidewall edge at nozzle exit (see fig. 5), cm

Zg,r lateral coordinate used to define a radius to the sidewall in figure 5, cm



B

zs,O’zs,1'zs,2 lateral coordinates used to define sidewall geometry in
figure 5, cm

o nozzle internal flap angle, deg

B nozzle boattail angle measured in x~y plane in figure 5, deg

Bs nozzle boattail angle measured in x-z plane in figure 5, deg

Aa rotation angle to increase nozzle expansion ratio (see fig. 5), deg

Y ratio of specific heats, 1.3997 for air

n{x") exponent of superellipse equation used in figures 2 and 3

0 angle used to compute values of y'(x') and =z'(x') from superellipse

geometry given in figures 2 and 3, deg

APPARATUS AND METHODS
Wind Tunnel

The experimental investigation was conducted in the Langley 16-Foot Transonic
Tunnel (ref. 12). This facility is a single-return, continuous-flow, atmospheric
wind tunnel. The tunnel test section is octagonal with eight longitudinal slots.
The wall divergence in the test section is adjusted as a function of the airstream
dew point and Mach number; thus, any longitudinal static-pressure gradients in the
test section are negligible. The test-section Mach number is continuously variable
to a maximum of 1.30. The average Reynolds number per meter ranges from about

4.5 x 106 at a free-stream Mach number of 0.20 to about 13.0 x 10

at a free-stream
Mach number of 1.30.

Model and Support System

General arrangement.- The single-engine air-powered nacelle model of refer-
ence 13 was used during this experiment. A detailed sketch of the single~engine
nacelle propulsion simulation system, with a nonaxisymmetric wedge nozzle installed,
is presented in figure 1. As illustrated in the figure, the model was composed of
five major sections: a nose-forebody, a low-pressure plenum, an instrumentation
section, a transition section, and a wedge nozzle. The length and model station
location of each model segment is given in the following table:

Model segment Length, cm Model station, cm
Nose~forebody 67 .31 0.00 to 67.31
Low-pressure plenum 36.70 67.31 to 104.01
Instrumentation 18.93 104.01 to 122.94
Transition 16.89 122.94 to 139.83
Nozzle 27.32 139.83 to 167.15




The nose-forebody section was nonmetric, that is, was not attached to the strain-gage
balance which was used to measure forces and moments on the model. BAll sections of
the model downstream of the nose-forebody were attached to the balance and were
therefore metric. A low-friction Du Pont Teflon seal was inserted in a slot at the
metric break between the nose-forebody and the low-pressure plenum. The Teflon seal
eliminates cross flow through the nommetric-metric interface and stabilizes the vari-
ation in cavity pressure without transmitting axial force across the interface.

Model support system.~ The single-engine nacelle model was supported in the
tunnel by a sting-strut support system. Part of the support system is shown in fig-
ure 1. The nose-forebody of the model was attached to the top of the strut. The
center line of the model was aligned with the test-section center line, and the cen-
ter line of the sting was 55.88 cm below the test-section center line. The cross
section of the sting was 5.08 by 10.16 cm; the top and bottom of the sting were
capped by half-cylinders of 2.54-cm radius. The strut blade was 5 percent thick with
a 50.8-cm chord in the streamwise direction and with the leading and trailing edges
swept 45°. The model blockage was 0.14 percent of the test-section cross section;
the maximum-blockage cross section of the model and support system was 0.19 percent.

Internal air supply.- The exhaust jet flow was simulated by airflow from a high-
pressure air system external to the model. A continuous flow of clean, dry, high-
pressure air at a stagnation temperature of about 300 K entered the high-pressure
plenum in the nose-forebody through six supply lines in the support strut. The sup-
ply lines and flow directions are shown in figure 1. From the high-pressure plenum,
the pressurized air was discharged perpendicular to the model axis into the low-
pressure plenum through eight sonic nozzles. The sonic nozzles were equally spaced
around the high-pressure plenum supply pipe. The decelerated airflow in the low-
pressure plenum was diffused over the balance housing and straightened by a
79-percent open-area baffle plate. The airflow passed into the instrumentation sec-
tion of the model, where stagnation temperature and pressure were measured, and then
entered the transition section of the model. In the transition section, the internal
cross—-sectional geometry changed from circular to rectangular to provide compatible
internal geometry at the nonaxisymmetric nozzle connect station. A sketch of the
cross—-sectional geometry at the beginning and end of the transition section is shown
in figure 1. Details of the internal transition geometry are discussed later. From
the transition section, the airflow was exhausted through the nonaxisymmetric nozzle.

Force-balance air system.- As the airflow passed from the high-pressure plenum
to the low-pressure plenum through the eight sonic nozzles, it was discharged radi-
ally to the model axis. Since the sonic nozzles were equally spaced in a radial
direction, an opposing nozzle force was positioned to cancel each force due to jet
impingement. This arrangement minimizes any forces resulting from the transfer of
axial momentum as the air passes from the nonmetric to the metric part of the model.
Two flexible metal bellows were used to seal the low-pressure plenum and compensate
for any axial forces resulting from model pressurization.

Nose-forebody external geometry.— The nose-forebody section of the model allowed
a smooth external transition from a circular cross section at the conical nose to a
rectangular cross section with large rounded corners at the beginning of the low-
pressure plenum. The maximum external cross—sectional area of 265.61 cm”® occurred at
the metric break. The cross-sectional area and the external geometry remained con-
stant from the metric break to the nozzle connect station.
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The external geometry of the nose-forebody section is presented in figure 2. 1In
figure 2(a), a computer—-generated sketch illustrates the basic nose-forebody geome-
try. The external geometry is given as a superellipse equation defined at particular
horizontal stations along the model. Appropriate definitions of the components of
the superellipse equation are given as functions of the horizontal variable x'. A
table of the function values at particular values of x' is also included. Fig-
ure 2(b) defines the general cross-sectional geometry of the nose-~forebody section
and gives the relationships for calculating the cross-sectional horizontal compo-
nent z'(x') and the vertical component y'(x').

Transition geometry.- The model low-pressure plenum internal geometry and the
end of the constant-geometry instrumentation section had a circular cross section.
The nonaxisymmetric wedge nozzles used in this investigation had a rectangular inter—
nal cross-sectional geometry at the nozzle connect station. A transition section was
required to provide the changes in internal geometry which were necessary for match-
ing the wedge nozzles with the propulsion simulation system. The transition section
of the model provided modifications to the internal geometry which were similar to
the modifications in external geometry provided by the nose-forebody section. The
internal geometry of the transition section changed smoothly from a circular cross
section at the beginning of transition to a rectangular cross section at the end of

transition. The internal cross—sectional area remained constant throughout the tran-
sition section.

The internal geometry of the transition section is presented in figure 3. A
superellipse equation is used to define the cross—-sectional geometry up to model
station 134.29. From station 134.29 to the end of the transition section, the inter-
nal cross section is rectangular, and the equations for calculating y'(x') and
z'(x') are given. In addition to these equationsg, the functions which define the
internal geometry for the full length of the transition section are tabulated in
figure 3.

Nozzle geometry.- Two nonaxisymmetric wedge nozzle configurations representing
two different power settings were tested during this investigation. The nozzle
designs were based on earlier wedge nozzles described in references 11 and 13. The
baseline configuration had an expansion ratio of 1.06 and is referred to as the low-
expansion~ratio nozzle. The other configuration had an expansion ratio of 1.20 and

is referred to as the high-expansion-ratio nozzle. A photograph of each nozzle is
shown in figure 4.

Each nozzle was made up of five components: two sidewalls, an upper and a lower
flap, and a wedge centerbody. Both nozzles used the same wedge and the same side-
walls. The flaps were different, resulting in the different expansion ratios for
each nozzle. Sketches and geometry details of each nozzle component are given in
figure 5. 1In this report, the downstream end of the nozzle upper and lower flaps is
referred to as the nozzle exit. (See fig. 1.) The exit for the low-expansion-ratio

nozzle occurs at Xo = 15.7820 cm; the exit for the high-expansion-ratio nozzle
occurs at xg = 16.0247 cm.

The geometry for the high-expansion-ratio nozzle was constructed from the geome-
try for the low—-expansion-ratio nozzle by rotating the flaps away from the nozzle
internal center line in the x-y plane. (See fig. 5(b).) The center of rotation was
at point (xr,Z'Yr,2)‘ Rotating the flaps in this way increased the throat area, the
exit area, and the expansion ratio. Since the nozzle sidewall geometry was held
constant during this test, a triangular-shaped gap was opened between the outside
edge of the trailing edge of the flap to the point (x3,y3), which is upstream of the

7



nozzle throat. The resulting nozzle geometry is similar to the cutaway or vented
sidewall concept discussed in reference 14. The effects of venting the nozzle
upstream of the throat are discussed later in this report.

Instrumentation

Basic model instrumentation is shown in the sketch of figure 1. A five-
component strain-—-gage balance was used to measure the forces and moments on the model
downstream of the metric break (station 67.31). A rake of 12 total-pressure probes
was used to measure the jet total pressure at a fixed location in the instrumentation
section of the model. BAn iron-constantan thermocouple was used to measure the jet
total temperature in the instrumentation section.

Each nozzle configuration was instrumented with 14 rows of static-pressure ori-
fices which are shown in figure 6. Rows 1 to 3 were located on the internal side of
the top flap; rows 4 and 5 were located on the outside of the top flap; rows 6 to 8
were located on the outside of the right sidewall; row 9 was on the inside of the
left sidewall; rows 10 to 14 were along the top of the wedge. Tables which define
the exact coordinates of each orifice are also given in figure 6.

Tests

The experimental investigation was conducted in the Langley 16-Foot Transonic
Tunnel at wind-off conditions and at free-stream Mach numbers from 0.60 to 1.20. The
model angle of attack was held constant at 0° throughout the investigation. The
nozzle pressure ratio was varied from jet-off to a maximum which depended on Mach
number, configuration, and model-facility airflow limits. The basic data were taken
by holding the Mach number fixed and varying the nozzle pressure ratio. The Reynolds
number per meter, the average tunnel total temperature, the average tunnel total
pressure, and the average jet total temperature at each Mach number are given in the
following table:

M T, K Pyr kPa Ty,jr K Npo
0.60 316.97 101.28 297.44 10.60 x 10°
.80 325.44 101.22 296.96 12.19
.90 328.80 101.22 299.34 12.67
.94 328.51 101.22 300.34 12.89
1.20 339.03 101.04 300.20 12.92

Boundary-layer transition on the model was fixed by using a grit transition-strip
procedure (ref. 15). A 0.254-cm-wide strip of No. 100 grit was attached around the
nose of the model at 2.54 cm from the nose tip. The same grit size and location were
used for both nozzle configurations.

Data Reduction
All wind-tunnel parameters and model data were recorded simultaneously on mag-
netic tape. Averaged values of the data measurements were used to compute basic

nozzle performance parameters and nondimensionalized pressure coefficients or ratios.
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The basic measurement used in evaluating isolated nozzle performance is thrust
minus nozzle drag measured along the body axis of the model. This parameter was
derived from the balance axial-force measurements using the following relationship:

- = + (p - - + (p, - + -
F Dn Fbal (pes Pm)(Am Aseal) (Pi Pm)Aseal Df FA,mom

The term Fya includes all internal and external forces on the balance. The second
term (p es ~ Po)(Ap - A, 1) represents pressure force due to the forward seal at the
metric break (station 67.31). The third term (Ei - pw)Aseal represents interior
pressure forces. The term Dg is the calculated external skin friction on the con-
stant cross—section part of the model from the metric break to the start of the noz-
zle (station 139.83). The term Fa mom is a momentum tare correction and is a func—
tion of the average bellows internai pressure with the model jet operating. Although
the bellows were designed to minimize momentum and pressurization tares, small bel-
lows tares still exist when the jet is operating. These tares result from small
differences in the upstream and downstream bellows spring constants when the bellows
are pressurized and also from small pressure differences between the ends of the
bellows when internal flow velocities are high.

Procedures for calibrating and correcting these bellows tares are discussed in
detail in references 11 and 16. To simulate realistic test conditions, a series of
axisymmetric calibration nozzles with known performance were tested over the expected
test range of normal-force and pitching-moment loadings. The calibration tests were
performed wind-off, with and without external loadings on the model, and with and
without jet exhaust flow. The resulting corrections were then applied to the balance
data by a procedure similar to the main balance data-reduction algorithm of
reference 16.

RESULTS AND DISCUSSION
Basic Data

Basic data for evaluating the isolated performance of the two wedge nozzles are
presented in figures 7 to 10. The ideal thrust coefficient Cp ,i presented in fig-
ure 10 can be combined with the normalized thrust data in flgures 7 and 9 to obtain
the measured thrust and thrust-minus-drag levels.

The static-force data in figure 7 show trends similar to those of static-force
data presented in reference 11 for two wedge nozzles with expansion ratios identical
to those of the current test. The wind-on thrust-minus-nozzle drag ratios in fig-
ure 9 show trends and levels similar to earlier thrust-minus-nozzle drag data pre-
sented in reference 11 for wedge nozzle configurations. In general, thrust-minus-
nozzle drag ratio decreases as the free-gstream Mach number increases. The decrease
in (F - Dn)/Fi with increasing Mach number results from an increase in nozzle drag
on the external surface with increasing Mach number. In addition, at a constant
nozzle pressure ratio, the nozzle drag term D, of (F - Dn)/Fi becomes a higher
percentage of ideal thrust as Mach number increases, resulting in a decrease in the
thrust-minus~nozzle drag ratio.

The data in figure 7 indicate that the thrust-ratio data of the high-expansion-
ratio nozzle fall below the thrust-ratio data of the low-expansion-ratio nozzle over
the range of nozzle pressure ratios tested at static conditions (M°° = 0). Similar



results are shown by data in references 11, 13, and 14 for several nonaxisymmetric
nozzle configurations at static conditions. This decrease in thrust ratio with
increased expansion ratio indicates that a performance loss may result from the
changes in nozzle geometry. In this investigation, additional performance losses for
the high-expansion-ratio configuration may be due to the vent or gap between the
nozzle flap and sidewall which extends upstream of the nozzle throat.

The static-discharge-coefficient (w _/w;) data presented in figure 7 show levels
which are similar to discharge-coefficient levels for several wedge—type nozzles in
reference 14. 1In general, the value of discharge coefficient is greater than one at
unchoked flow conditions (pt ./p°° < 1.89) and less than one at choked flow conditions
(pt’./p°° > 1.89). However, in figure 8 the wind-on discharge-coefficient levels for
the low-expansion-ratio nozzle are higher than discharge-coefficient levels presented
in reference 13 for a similar wedge nozzle. At wind-on conditions, both configura-
tions in this investigation had values of discharge coefficient which were greater
than one at choked flow conditions. Reference 14 discusses the phenomenon of high-
discharge—-coefficient data (w /wi > 1.0) at choked flow conditions for wedge nozzle
configurations. It is extremely difficult to determine the actual throat area of
nonaxisymmetric wedge-type nozzles. The numerator of discharge coefficient, the
wp—term, is computed strictly from data measurements; its value reflects the actual
flow-field conditions and nozzle throat area. The denominator of discharge coef-
ficient, the wi-term, is computed using a fixed value of throat area, the nozzle
throat area as designed and, therefore, may include some error that varies with flow
conditions. This error in throat area can result in values of discharge coefficient
greater than 1, as reference 14 shows for several wedge nozzle configurations. Thus,
the high magnitude of the wedge nozzle discharge coefficients presented in figures 7
and 8 apparently results from unrecorded variations in nozzle throat area correspond-
ing to changes in the internal flow field with varying nozzle pressure ratio and
free-stream Mach number.

Static-Pressure Data

Extensive static-pressure measurements were made on both nozzle configurations.
Selected cases of pressure distributions are presented in figures 11 to 28. Complete
listings of all static-pressure data are given in tables 1 to 14 for the low-
expansion-ratio nozzle and in tables 15 to 28 for the high-expansion-ratio nozzle.
All data are presented as functions of x/d4, where x is the distance from the start
of the nozzle boattail (station 141.73) and 4 is the maximum nozzle height. (See
fig. 5(a).) Internal static-pressure data are presented as values of P/Pt,j’ the
measured local static pressure nondimensionalized by the measured jet total pressure.
Static pressures measured along the wedge surface are also presented as the ratios
p/pt .. External static-pressure data are presented as values of pressure

coefflcient Cp.

Comparisons of static-~pressure distributions are made at different spanwise
locations to determine two-dimensional or three-dimensional characteristics in the
nozzle flow field. In figure 11, pressures from the five rows of static-pressure
orifices on the surface of the wedge are plotted against x/d for the low-expansion-
ratio nozzle. Three values of nozzle pressure ratio pt’-/pm are presented for a
Mach number of 0.60 and for a Mach number of 1.20. In each case of figure 11(a), at
M_ = 0.60, the static pressures upstream of the nozzle exit, defined as the end of
the nozzle flap in figure 1, show little variation with spanwise location. This lack
of variation indicates that the internal flow field near the wedge surface is two-
dimensional. At Pt,j/Pm = 2,0 and M°° = 0.60, there is a sharp increase in static
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pressure at the nozzle exit. Downstream of the exit, the static pressure becomes
nearly constant. The sharp increase in wedge static pressure near the exit is proba-
bly due to a strong shock wave occurring on the surface of the wedge in the nozzle
exhaust flow. The near-constant static pressures downstream of the pressure increase
indicate that the exhaust flow on the wedge is separated downstream of the shock
wave. Similar flow-field characteristics were also observed for wind-off wedge
static-pressure distributions presented in reference 6 for a wedge-type nozzle with a
low expansion ratio (Ae/At = 1.05), At the higher values of nozzle pressure ratio
presented in fiqure 11(a), the shock wave moves downstream and becomes weaker in
strength. The static-pressure distributions in the separated flow region downstream
of the shock show more spanwise variation for these two nozzle pressure ratios.

The three cases of static-pressure distributions at M_= 1.20 in figure 11(b)
show basically the same flow-field characteristics as observed at M_ = 0.60.
Upstream of the nozzle exit, the static pressures show no variation with spanwise
location and, in fact, show no effect of increasing the free-stream Mach number.
(Compare fig. 11(a) with fig. 11(b).) BAn increase in the wedge static pressures
occurs downstream of the nozzle exit (x/d = 1.00), which may indicate that a shock
occurs on the wedge surface. The point of increase in static pressure, that is, the
shock location, moves downstream as the nozzle pressure ratio increases. Jet exhaust
flow separation from the wedge surface occurs downstream of the shock. The wedge
static-pressure distributions show some spanwise variation in the separated flow
region. The change in free-stream Mach number from 0.60 to 1.20 mainly affects the
location of the shock wave and subsequent flow separation.

In summary, the static-pressure distributions of figure 11 show that the flow
along the surface of the wedge of the low-expansion-ratio nozzle is two-dimensional
upstream of the nozzle exit. A shock occurs on the wedge surface downstream of the
nozzle exit, followed by flow separation from the surface of the wedge. The location
of the shock and subsequent flow separation depends primarily on the nozzle pressure
ratio and, to a lesser extent, on the free-stream Mach number. Similar characteris-
tics of static-pressure distributions along a wedge surface are presented in refer-
ence 6 at wind-off conditions, with values of nozzle pressure ratio up to 6.00. The
data of reference 6 also include oil-flow photographs of the wedge surface downstream
of the nozzle exit. These photographs clearly show the downstream movement of the
jet exhaust shock on the wedge and subsequent flow separation with increasing nozzle
pressure ratio.

Figure 12 presents wedge static-pressure distributions for the high-expansion-
ratio nozzle. Three cases of nozzle pressure ratio are presented for M_= 0.60 in
figure 12(a) and for M_ = 1.20 in figure 12(b). The same trends observed for the
low-expansion-ratio nozzle also occur in these pressure distributions. A shock
occurs downstream of the nozzle exit (x/d = 1.02) followed by flow separation from
the wedge surface. The static pressures downstream of the shock show variation with
spanwise location. However, for this nozzle, spanwise variation in the static-
pressure data occurs as far upstream of the nozzle exit as x/d = 0.90. These three-
dimensional effects upstream of the nozzle exit may result from the higher expansion
ratio (Ae/At = 1.20) of this configuration. The vent in the sidewall, which extends

upstream of the nozzle throat, may also contribute three-dimensional effects to the
nozzle internal flow.

Static-pressure distributions along the internal surface of the top flap are
presented in figure 13 for the low-expansion-ratio nozzle and in figure 14 for the
high-expansion-ratio nozzle. Two values of nozzle pressure ratio are shown at
M_=0.60 and at M_ = 1.20. The lack of spanwise variation in the pressure dis-
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tributions shown in figure 13 indicates that the internal flow is two—dimensional for
the low-expansion-ratio nozzle. However, the internal pressures for the high-
expansion-ratio nozzle (fig. 14) show spanwise variation, particularly at the flap
edge near the sidewall. The variation is more pronounced for pt’-/p°° = 5.06 at

M_ = 0.60 and for Pt,'/Pm = 7.992 at M= 1.20. Free-stream Mach number has only
a small effect on the spanwise variation. The throat of the high-expansion-ratio
nozzle is, by design, located at x/d = 0.82, whereas the three-dimensional effect
can be seen as far forward as x/d = 0.76. This spanwise variation in static pres-
sure near the edge of the flap is probably caused by the gap or vent between the flap
and sidewall for the high-expansion-ratio nozzle. This vent probably caused the
similar three-dimensional characteristics upstream of the nozzle exit (x/d = 1.02),
which were observed in the static-pressure distributions along the surface of the
wedge for this configuration. Internal static-pressure distributions on the nozzle
flap presented in reference 14 for similar nozzle configurations without vented side-
walls showed no three-dimensional effects. Thus, the three-dimensional characteris-—
tics of the internal flow of the high-expansion-ratio nozzle of this investigation
may be attributed to the vent between the flap and sidewall. The three-dimensional
effects upstream of the throat of the high-expansion-ratio nozzle probably correspond
to the extension of the gap or vent to a point upstream of the nozzle throat.

External static pressures along the top of the flap and along the outside of the
right sidewall are presented for the low-expansion-ratio nozzle in figure 15. The
same results for the high-expansion-ratio nozzle are given in figqure 16. Row 8, the
outside corner row, is included with both the top flap data (rows 4 and 5) and with
the sidewall data (rows 6 and 7).

The static pressures along rows 4 and 5 on the top flap for both nozzle config-
urations show only small spanwise variation in static pressure at M_= 0.60. At
supersonic conditions, M= 1.20, the high-expansion-ratio nozzle continues this
trend, whereas the low—-expansion-ratio nozzle shows spanwise variation in static
pressures on the aft portion of the nozzle (x/d > 0.80). When compared with the top
flap data, the static-pressure data of row 8 show close spanwise agreement upstream
of x/d = 0.10 for both nozzle configurations at all test conditions. However, as
the value of x/d increases, there is considerable variation between the corner-row
static pressures and the top-flap static pressures.

In figure 15, the sidewall external static-pressure distributions along rows 6
and 7 for the low-expansion-ratio nozzle show spanwise variation downstream of
x/d = 0.50 at all test conditions. The sidewall static pressures for the high-
expansion-ratio nozzle show only small spanwise variation at M_ = 0.60 but show the
same type of variation observed for the low-expansion-ratio nozzle at M_ = 1.20.
Comparisons of the corner-row static-pressure distributions with those of rows 6 and
7 show the same trends observed in the comparisons of the corner row with the flap
rows. The static pressures of rows 6, 7, and 8 generally agree upstream of
x/d = 0.10 but show considerable spanwise variation downstream of this point.

In general, the top-flap and sidewall static-pressure data indicate that the
external flow starts out nearly two-dimensional near the nozzle boattail since the
static~pressure data show good spanwise agreement upstream of x/d = 0.10. As the
value of x/d increases, however, regions of three-dimensional flow occur in the
external flow field. The three~-dimensional effects probably initiate from the out-
side corner region.
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Since the spanwise variation in the static-pressure data has been discussed for
figures 11 to 16, the subsequent data plots will deal only with center-line pressure
profiles. The effect of nozzle pressure ratio on the wedge center-line static-
pressure distribution is presented in figure 17 for the low-expansion-ratio nozzle
and in figure 18 for the high-expansion-ratio nozzle. 1In general, for all five
values of free-stream Mach number, the nozzle pressure ratio affects the location of
the exhaust~-flow shock and attendant flow separation on the wedge surface. As nozzle
pressure ratio increases, the exhaust—-flow shock location and separation region move
downstream from the nozzle exit (x/d = 1.0 for the low—expansion-ratio nozzle and
x/d = 1.02 for the high-expansion-ratio nozzle). A similar effect of nozzle pres-
sure ratio on a wedge center-line static-pressure distribution can be observed in the
static-pressure data plots and oil-flow photographs of reference 6.

The effect of free-stream Mach number on the wedge center-line static pressures
is presented in figures 19 and 20 for two values of nozzle pressure ratio, 2.00
and 6.00. Figure 19 shows the Mach number effects on the low-expansion-ratio nozzle,
and figure 20 shows the effects on the high-expansion-ratio nozzle. Free-stream Mach
number variation affects the static-pressure distributions only in the separated flow
regions on the wedge which occur downstream of the exhaust-flow shock wave. The
effect of Mach number is more evident at the lower nozzle pressure ratio
(pt ./pOo = 2.00) shown in figures 19 and 20 since flow separation is more extensive
at £gis nozzle pressure ratio. At a nozzle pressure ratio equal to 2.00, the nozzle
is operating overexpanded. The jet exhaust flow shocks down and separates from the
surface of the wedge at or near the nozzle exit. At the higher pressure ratio shown
in figures 19 and 20, the flow remains attached along most of the wedge surface and
there is little variation with Mach number.

Figure 21 presents the effects of free-stream Mach number on the internal flap
center-line static pressures for the low-expansion-ratio nozzle. The corresponding
data for the high-expansion-ratio nozzle are presented in figure 22. Two nozzle
pressure ratios, 2.00 and 6.00, are presented in each figure. The internal flow
along the flap center line is two-dimensional, and the pressure distributions indi-
cate that there is no effect of Mach number on the nozzle center-line internal flow.

Figures 23 to 28 examine the effects of nozzle pressure ratio and free-stream
Mach number on the external flow along the flap center line and along the sidewall
center line. Figures 23 and 24 show the effects of nozzle pressure ratio on external
static-pressure distributions at five free-stream Mach numbers for the low-expansion-
ratio nozzle. Figures 25 and 26 show similar comparisons for the.high-expansion-
ratio nozzle. For both nozzle configurations, the flap static pressures generally
decrease with initial increases in nozzle pressure ratio; further increases in nozzle
pressure ratio generally increase the flap static pressures. Although the pressure
distributions along the sidewall and upstream of the nozzle exit were not as sensi-
tive to varying nozzle pressure ratio, they generally show the same trends as the
flap data. Downstream of the nozzle exit, the sidewall static pressures generally
tend to decrease as the nozzle pressure ratio increases, particularly at subsonic
Mach numbers. The high-expansion-ratio nozzle exhibits more variation in sidewall
static-pressure distributions with nozzle pressure ratio than does the low—-expansion—
ratio nozzle. This larger variation in the static pressures with nozzle pressure
ratio is probably due to the vented sidewall geometry and to the higher expansion
ratio and resulting larger flap angle a. (See fig. 5(b).)
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The effect of varying the free-stream Mach number on the center-line flap and
sidewall static-pressure distributions at a nozzle pressure ratio of 4.00 is pre-
sented in figure 27 for the low-expansion-ratio nozzle. Similar data are presented
in figure 28 for the high-expansion-ratio nozzle. Both configurations show the same
general results. Along the nozzle flap and - to a lesser extent - along the nozzle
sidewall, the location of maximum flow expansion, indicated by the minimum pressure
coefficient, tends to move downstream with increasing free-stream Mach number. The
extent of pressure recovery on the downstream part of each surface also tends to
decrease with increasing free-stream Mach number.

CONCLUDING REMARKS

An experiment has been conducted in the Langley 16~Foot Transonic Tunnel to
determine the static and wind-on performance of two nonaxisymmetric wedge nozzles.
This experiment continued efforts to compile a detailed and comprehensive data base
on nonaxisymmetric nozzles. The nozzle geometries represented two different nozzle
throat areas and expansion ratios. Tests were conducted at wind-off conditions and
at free-stream Mach numbers of 0.60, 0.80, 0.90, 0.94, and 1.20. The range of nozzle
pressure ratios varied with nozzle geometry and Mach number. Data are presented as
discharge coefficients, internal thrust ratios, thrust-minus-nozzle drag ratios,
ideal thrust coefficients, and internal and external static-pressure distributions.

The static-pressure data were analyzed to determine characteristics of the noz-
zle internal and external flow fields. The internal flow upstream of the nozzle exit
is predominantly two-dimensional for the low-expansion-ratio nozzle. The internal
flow field of the high-expansion-ratio nozzle exhibits three-dimensional effects due
to the sidewall geometry, which had a gap or vent that extended upstream of the noz-
zle throat. The external flow field is predominantly two-dimensional for both wedge
nozzles, except near the outside corners where the flow shows three-dimensional char-
acteristics. In the jet region on the wedge, the flow for both nozzles is charac—
terized by a shock wave occurring at or downstream of the nozzle exit and generally
followed by flow separation from the surface of the wedge.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

August 2, 1982
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TABLE 1.- STATIC PRESSURES FOR LOW-EXPANSION-RATIO NOZZLE, ROW 1

" pt,j_ P/Pt,j for x/d of -
Po  0.300 0.450 | 0.550 0.650 0.750 0.800 0.875 0.927 0.975
0,000 1.5 0972 970 - . 965 2943 <8506 . 799 673 563 006
L000 1,99 ,972 971 W965 .943 8586 LB800 673 553 LU65
,o00 3,00 W 972 971 Y Lou2 . 855 . 798 672 .552 468
.000 ut‘)l '973 0"’71 .Qhu .qu} .S‘)u ,79“ .671 .551 .470
L0000 4,99 2975 L9713 9806 945 855 W 799 o071 .B50 471
L,000 6,00 978 0975 968 L94R T (BBe 800 671 550 473
000 h,63 LY. 979 972 951 ,858 802 672 551 2475
(602 1,49 ,970 2967 963 ,%uy 802 L5808 702 YS! Y
L8600 1,99 +969 967 963 941 8506 798 BT .554 Ut
L601 3,00 2970 1969 963 94 B85S « 798 073 583 Y1)
.00 3,99 97 970 e 963 <941 BS54 798 672 552 Y.Y ]
2602 5,99 2975 972 « 965 Y 854 L7198 674 5590 W71
2601 8,00 2979 976 969 ,9UR 856 800 671 .550 L 674
.802 1,52 e 9IBR 968 UTY] 947 JBe? ,813 » 713 L6558 675
,B00 1,98 972 +969 964 0943 «BS7 » 199 :675 L5585 JU4es
LBNO 2,99 L4972 2970 Ty L9u2 .A%0 ,799 675 .555 Y
L8014 3,99 971 970 963 942 855 o798 673 .553 H67
800 5,99 972 «971 Y 943 LY 198 671 ,551 470
,B00  R,02  ,97p $973 L9366 L94b . 855 . 799 671 .550 W472
L,B800 9,84 980 0977 2970 L 950 «BS7 ,801 672 .561 N
901 1,50 970 900 Y4 947 B0l ,808 « 700 .630 «653
,901 1,97 y 968 Y966 ,962 ,943 L8586 797 0673 .582 Ubb
,901 2499 W 970 959 903 942 ,856 199 2674 .553 U5
901 4,02 971 970 Ty L9462 L B56 . 799 2673 .553 WH67
901 5,99 973 971 rY 943 o 8595 . 798 672 5581 169
L899 B,01 2975 973 960 L 945 855 . 798 071 . 580 W4T
,899 9,99 978 2975 908 L 94 LT B0 071 .550 473
,940 1,49 Y 0965 LY ,9u7 N-T'} 803 0690 .b06 623
W40 2,00 970 967 . 961 Louu o857 796 673 .563 465
,94u0 2,98 971 970 903 W9u3 857 . 798 W 674 .554 Y
L938 | 4,01 971 971 963 K-TF) 856 ,798 26713 .553 LA6b
941 6,00 972 2971 963 L943 .A54 . 798 o672 .5581 JUe9
JJul 8,02 975 972 965 945 «B55 . 798 671 .580 W471
LU0 9,95 W 978 $ 975 CTY .947 856 , 7949 2671 .55 473
1,202 1,59 972 967 L 95k . 951 LH63 .B00 688 .5a7 .578
1,200 2400 2968 9686 ,959 947 859 . 195 o674 .583 L4863
1,201 2,99 971 909 961 L, 945 «858 797 L6874 .553 L4685
1,200 4,01 2970 970 N-TY- L943 ,857 . 797 673 .5683 JU4B5
1,201 5,99 2972 971 963 943 856 « 198 2673 .582 Y
1,202 7.99 972 0972 963 943 o855 798 672 .561 U409
9,99 975 973 965 948 855 o798 o072 2950 U471
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TABLE 2.- STATIC PRESSURES FOR LOW-EXPANSION-

RATIO NOZZLE, ROW 2

p/p, - for

M pt'j x/g']of -
z Pe 0.750 0.927
0,000 1,51 WA 572
00U 1,99 » 850 «559
L000 3,00 LBu8 #5548
L000 | 4401 848 #5557
L000 ' 4,99 | 849 2556
L000 6400 852 + 5506
L0000 6,63 | 855 557
L6002 1,49 | ,859 obul
L6000 1,99 | B850 1560
601 3,00 BUR 0558
L0l 3,99 B3u8 ¢ 557
602 5,99 L B49 . 556
L6010 B,00 ,853 2556
802 1,52 862 W 657
,800 1,98 851 1559
JBD0 2,99 eBU9 e 559
,801 5,99 BRLLL 558
L800 5,99 LBUH 25506
LB00 8,02 J8580 556
LB00 9,84 , 854 2557
! 1,50 , 899 n634
[L90 1,97 L850 0558
1 4,901 .99 sBUR +589
L901 4,02  LB4T  ,558
,901 5,99 847 557
| .B99 8,01 449 +550
I ,B99 9,99 JH852 5506
,940 1,49 WB857 $609
J9u0 2e0N | 48%0 0559
,940 2,98 Bus «559
9358 4N LBu7 L5548
Jout 6,00 Bu7 557
,941 8,02  ,B49 556
,9u0 9,95 | ,851 556
1,202 1,50 | 896 259!
1,200 2,ut 850 «558
1,201 2,99 W BU9 559
1,200 dgut JHUT « 559
1,201 §,99 | 847  ,5%4
1,202 7.99 847 + 556

1.200 Q.QQ i 08“6 .556
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TABLE 3.~ STATIC PRESSURES FOR LOW-EXPANSION-RATIO

NOZZLE, ROW 3

) u_ pt,j | p/Pt,j for x/4 of -
j ' P | 0.750 0.927 1.002 '
0,000 1,51 0887 | L9573 s 659
L,000 1,99 | 4857  ,5%2 497
L000 3,00 | ,329 0550 329
.000 4,01 LU Hu9 J2Ub
L000 4,99 | 198 ' ,548 0198
,000 6,00 v 105 25Ul . 165

L000 6,68  ,149 ,5u9 J149 !
L0602 1,49 -1V s0U3 b18
L0600 1,99 857 554 L4098
L6001 3,00  ,334 $551 1 L334
2,601 3,99 2259 «550 - 2585
602 S99 172 S48 172
,601 8,00 o128 . ,548 . 128
LB02 1,52  ,Be8 1656 677
L800 1,98 L8659 $555 5u7
B0 2,99 0342 553 1 342
B0 3,99 262 2551 LY.
.800 5.99 176 2549 176
,800 R.U2 o130 548 +130
,800 9,84 olus JouB 106
.901 1,50 ,864 0637 569
L9081 1,97 | ,857 $55% LU98
901 2,99 | ,335 W553 . 335
L0l 4,902 €55 + 951 o255
,901 5,99 174 W B49 174
L899  B,ul | ,13) ey . 131
. 899 9,99 » 105 508 105
L9040 | 1,49 o862 eb12 06580
.940 2,00 + 858 0550 475
L940 | 2,98 | 321 «554 .321
938 | 4,01 | ,eu3 552 ,2u3
L4l 6,00 165 0949 « 165
L941 | B,02 | ,127 $549 o127
LU0 9,95 103 YY) .103
1,202 1,54 T 591 LU69
1,800 2,00 0270 | ,5%9 270
1,201 | 2499 | 4263 +555 .263
1,200 4,01 228 « 554 228
1,201 | $,99 | 151 4551 151
1,202 7.99 115 +550 115
1,200 9,99 093 0549 <093
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TABLE 4.~ PRESSURE COEFFICIENTS FOR LOW-EXPANSION-RATIO NOZZLE, ROW 4

" pt,j CP for x/4 of -
Pe -0.100 0.000 0.100 0.150 0.200 0.250 0.300 0.400 0.450 0.500
0,000 1,51 W VU3 002 V02 002 L0014 002 W 002 L002 .00¢2 002
La00 1,99 2001 000 W 000 000 L0000 | =, 000 . 000 L000 ,001 sU01
L000 3,00 WUnl W000 | a,0u0 | =, 000 2000 | =, u0p | «,000 L 000 000 [ =,000
L0090 4,01 W00} 00 -, unt 000 - Uy -, 001 v, 000 -, 000 -, 001 -, 000
Loou | 4,99 sUul 100 -y 000 =, 001 =, 0Ut - 000 | «,000 | =» 00} =, 001 -, 000
,000 6400 V0D | w000 e300 | =, 001 -, 001 -, 001 -, 001 -, 001 -, 000 -, 000
L0000 | 84631 L000 | w,000 | =,001 - 00} -, 001 ", 001 w001 ., 001 | =001 | =,001
,602 1,49 | =g 18R | »,288 -, 434 -, 451 w 44T L e 437 | = U0k | =, 34T | =, 248 | =, 188
. 600 1,99 | »4198 | =,278 -, 430 », 454 w453 | = G40 | e 407 | w355 | =, 264 | =,209
L6014 3,00 | w187 w279 | @, 427 | =, 439 | =, 457 » U838 | =, U022 | =, 354 | w,257 "y 199
Y3 3,99 | = 187 wa283 | w437 | e uh2 | =, 451 w435 | w400 | = 342 | w, 241 =-,189
W002 | 5,99 | w182 | w272 | =, 418 | =, 43p | «, 432 | = 413 | «,38% o« 319 | =, 218 | =,156
601 RBa00 | mg 183 | wopbb | =411 w, U268 | =, 434 - 415 | «,370 «, 206 w180 | =,121
.ace 1,92 | =, 198 -y 284 518 | »,570 “,586 © =,579 = ,487 ., 308 =, 30k | =,227
L800 1,98 | »,198 | =,297 525 | =, 578 | =,597 =,577 497 e, 416 w313 | =,247
80N 2,99 | ®,202 | =,299 | =,532 | =.591 | =,611 ~,586 &, LU9B = _4nh =, 307 | =,230
L80! 4,99 | =,197 287 ' 2,503  =,556 =,573 = . 565 . e,4B80 «,393 =,278 | ~,198
LBu00 | 5,99 | «,192 | =,277 - 481 ", 5384 w508 =, 929 = U39 w342 234 -, 158
,800 Belg | we183 | @,274 | =442 =, 498 =508 =, 479 e, 402 =, 300 *,183 | =,107
R 9,BU | =, 182 ' =,261 -, 437 » U84 w496 e 44y w354 -, 260 ®,132 =,066
,901 Leb0 | w 1587 -,196 YN LY 535 -, 608 351 -, 273 228 «,193
L901 1,97 | »¢1538  «,195 ' =, 341 - 427 «,500 =,986 #,365 w300 =,248 =,213
L9001 2.99 | =, 156 -a PGB -, 332 -, 414 -, 500 .,998 ., 417 =,328  =,260 o229
91 4,02 | =,15%06 -,198 -, 328 - 41 -, 496 -,624 - 401 -, 328 -, 264 =-,228
901 9,99 | »,157 220  ®,393 = 475 =, 542 =,619 =, 341 -, 253 =204 =,173
L899 | R,01 | =,151 « 20U - 340 -, 421 510 »,936 =,271 =, 205 =159  =,12s
.B899 9,99 | «,149 -, 200 =339 - 421 =, 526 - D22 -, 230 -, 168 -, 126 «,104
,ouu 1,49 | 4130 -y 157 =, 246 w,329 e, U412 e 508 w372 w308 #,255 =,220
,9u0 2,00 | =121 =151 -, PHD -,321 -, 405 = 48k  =,4l1 -, 314 =252 e,216
LU0 2,98 | =,129 =, 161 -, 289 = %40 -, 418 ~,530 =,543 = d4p8 = 441 =y 2R3
L9388 4,01 | =120  w,l6l *, 253 = 337 e, U418 =,512 w550 = 431 -, 342 =, 2B
L9ul b,00 | @126 -y 1587 -, 258 -, 338 - 4t -,504 521 -;sn7 -, 308 -, 262
,9ult Ra02 | =, 119  «,156 | =,254 =,335 =, 417 =516  *,400 =_ 303 =,240 =,207
940 9,95 | =, 123 w,18% | e,261 - 343 =420 -, 496  =,311 -, 221 -, 190 =, 165
1,202 1,50 | =048 »,0hh | = 182 e 220 =, 249 =, 567 =418  w 4pY =509 =,42k
1,201 Palin | mguu? LT - 182 = 222 256 w560 =, 421 . gl =, UB8 =502
3,801 2,99 | = 004 U859 | e, 182 =, 217 =, 245 =, 560 w419 @ 443 =, 482 =,50%
1,200 401 | ®q0349 «, 056 | =, 174 -, 2l6 =«,240 ", 558 =, 417 e 4u2 =, 484  =,506
1,201 5,99 | «, 037 -, 054 -, 149 -, 198 -, 239 », 550 o 415 -, 4k - 460 = 400
1,202 7,99 | w03k = OUB -,129 =177 =219 =337 w418 e 436 =,365  =,3810
1,200 9,99 | «,u47 -, a7 -, 119 -, 165 -, 210 -,318 e, 16 -, 405 =y327 P76




TABLE 4.- Concluded

P¢,j i Cp for x/4 of -

Py | 0.550 ; 0.600  0.800 , 0.900 1.002
1,51 ,002 002 L002 | ,001  =,006
1,99 2000 W 000 LU0 = 000  =,010

3,00 ®,000 @000 =, ut0  =,001 =,0114
4,01 =001 e il -, i -, 001 =010
He99 =,000 -, (00 -, 0yl -, 001 -, 010
6,001 w001 =s0U1 = 0ul =, 003 | =,010
663 = 001  wyy0!  =,001  «,00] w010

1,49 @, 122  «,G67 072 L1104 101
1,99 =,1%9 w103 N33 053 057
3,00 =, 145 -, 105 JUP8 . 055 « 063
3,99 @,131  «,n88 Lus2 082 107
5,99 =,090 e,uu42 103 L133 L158
B0 »,0687  w,014 129 . 154 170
lgsa -.160 '.107 .”lg .Obo Qlla
1,98 =,164 =, 108 U35 . 057 094
2,99 =,158  =,10% wu17? L054 W 090
31,59 e,130 - 08U LY 076 115
5,99 =, 091 =, 041 L 087 109 141
R,02 =,045 -, 003 SUB1 105 2150
9,84 =,01s 014 092 .107 .159
1,50 =,175 «,1587 | =,113 «_, 084 » 025
1497 =,19y =179 -, 127 -, 101 018
2.99 i ..207 '.192 "l127 ..064 '011
U402 =4203 =y182 | =,121 =, 088 | L012
5,99 =,149  =,135 | «,076 e, u47 028
B,01| w,108 = 096 | =049 -, 022 043
9,99 | =, 083 | =,067 | =,033 | =,00% 2062

1,49 -.202 -, 197 '.167 =,155 -.Oub
2,00 | @200 | #,195 | «,190 | «, 18] | =,001
2498 | =,247 | =223 | =, 187 | =, 167 | =,061
4ol | =,247 | «,229 | =,187 | =,168 | =,00l
6400 @,232 | =,206 | »,167 | = 130 | =, 064
3.0? ..‘ql -.lﬂd ..‘53 -.120 ‘.05“
9,95 | =w,153 | =,144 | =,129 | =, 100 | <,0%2
1450 | =,530 | =,d463 | «,238 | =,171 -, 121
2,00 =518 | =,521 | »,297 | =, 242 | =, 144
2.99 -.51“ -'520 -.282 '.182 ..110
4,01 =514 -, 448 w,216 =,190 -, 112
5,99 =, 346 | «,306 | 2,217 [ =,187 | =,103
7099 -0870 -.2“2 -.192 -.1bb '.086
9,99 | =,238 w214 -, 174 -, 154 =, 069
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TABLE 5.~ PRESSURE COEFFICIENTS FOR LOW-EXPANSION-

RATIO NOZZLE, ROW 5

M P¢,5 Cp for x/d4 of -
P, 0.000 0.150 0.800
0,000 1,91 W00} u02 «000
L000 | 1,99 | L000 000 | e,002
.000 3.00 -,00(‘ =000 -.001
000 4,01 2000 -, 001 -2
2000 | 4,99 »,000 | =,000 | =,002
000 6,00 | =4000 -y 001 -, 002
L000 | 6,63 | = 000 | =,001 -yt
L6002 | 1,49 =,293 | e, 46H L012
600 1,99 | =,249 .qd15 «, 008
L0601 3,00 =4249 -, 429 005
Lbul 3,99 e,24° =417 U286
L6002 85,99 «,245% | =404 LUS7
L6001 B 00 «,230 | =,383 077
LB02 1,52 e,261 ! =,531 -, 187
LB00 1,98 @270 «,5%2  =,158
LB00 | 2,99 =,272 -,552 =130
,801 3,99 =,26h 541 -, 106
LB00 5,99 a,242  =,521 - 75
L800 B,02 =,245% e300 -, U006
LB00 9,84 @, 238  «,468  ,010
%01 1,50 =,212 -yh1l =-,285%
L901 1,97 =,212 =,517 «,255
L9001 2,99 =,207 -,504 =, 253
LU 4,02 =177 e,519 =, ,233
L9t 5,99 =,197 -, 498 -, 202
LA99 8,01 =,18R3 -, 480 e 1RO
L899 9,99 =,190 -o 454 -, 162
940 1,49 =,146 o361 -, 350
| 2940 2,00 =,215 = 410  «,325
T 2,98 «, 18] - 437 -, 345
L ,938 4,01 «,1AR9 -, 438 -,339
941 b0, =180 - l416 -, 328
LJut 8,02 =,1868 - 407 - 3u%
940 9,95 =, 179  e,ulb  =,303%
1,202 1,50 =047 =, 23U -,Pf6
| 1,200 2,00 e=,0un =, 227  =,215
1,201 2,99 =,047 «,P2H -, 190
1,200 4,01 =,u81 =228 e, 06t
1,201 5,99 «,0%0 -, P24 ., 068
1,202 . 7,99 =,U51 m,/19 -, 0R3
1,200 © 9,99 =,088 =e170 -, 088




TABLE 6.- PRESSURE COEFFICIENTS FOR LOW-EXPANSION-RATIO NOZZLE, ROW 6

‘ M, I pt,j ! CP for x/d of -
P |-o.1oo ! 0.000 0.100 0.300 0.500 1.002 1.224 T 1.400
0,000 1,51 ,002 001 002 001 ,003 | =, 000 | ,003 i L002
L000 1,99 001 W 000 QU0 L000 000 | =, 001 L0001 | =, 000
L0U0 3,00 000 W001 | =000 | =,000 L001 | w001 w001 | Lo0u
L000 4,01 L001 L000 | =, 000  ®,000 000 | =,002  ,000 | .00t
000 | 4,99 V00 1 40018 JdUD | = 000 000 =, 002 ", 001 -, 002
,000 ' 8,00 000 L0000 @ = 000 | =, ,00] o000 - 002 w002 -, 002
L000 b.b4 L0006 ! e,000 =, 000 " = 000 -, 000 i =, 002 -, 002 -, 003
002 1,49 ' »,139 e, t6y =, 227 ' e,156 | =,09% U286 .098 118
W000 | 1,99 =, 134 . e, 158 | =,223 | = 153 | =,099 | =e001 ¢ 4090 . 125
LBNY 3,00 =,185 | =, 185 | =,238 =, 156 | =,(99 | = 007 £ 069 L1120
601 1 3,99 @135 < 187 | =,242  =,155 | =,095 | =,007 037 108
602 0 5,99 =,129 1 =,179 ; =,231 @ ®, 158 | «,J00 «,038 | «, 056 =, 077 !

L6001  B,00 =,122 | = 176 | m,230 =, 144
LB02 1,52 =, 148 .,224  «,301 o =,194
LBUD 1,98 e,155 | «,231 =, 508 «,203
800 2499 = 144 =, 225 . = 301 - 201 -, 133 -, 081 «103 184 !
801 i 3,99 w184 =,225 | =,303 =, 200 | ~,122 e,018 2063 145

| =093  =,073 e 101 e, 100
1
| ,
5499 =,137  =,215 =, 294 - 186 i -, 109 -, 032 -,018 -, 029
|
)

- 123 = U7y 114 .168
-,123 v,039 116 . 159

JB00 | 8,02 «,183  =,200 =,280 ' =177 | =09  #,023 =047 ..1%6 |
(800 | 9,84 = 134  =,208 =,282 =,160 | =,082 =,034 =,081 =215 '

L9001 1 1,50 =,130  e,186 @ =, 348 . =, 330 -, 151 =, Ule 100 186 |
901 1,97 ey 128w 1AS 1 =, 349 1 @ 333 | =, 154 -,005 096 186
L8001 1 2,99 =124 w214 1 = 88T | e 352 =, 171 ' «, 088 2097 166 !

901 4,02 =,130  =,223  =,362 =355 | =,177 ° «,085 | ,069 75|
901 5,99 «,119  «,218  =,359  =,306 =,139 : = 038 016 44
,B99 801 =124 .,223 369 -, 272 =,119 =, 076 =, 03% -, A1 '
.899 9.99 0.128 -, 220 -.5(‘35 - 2P -.101 -.056 ..()Sl.l -.151

LU0 1 1,49 «,095 e, 186 «,317 w»,362 ' =,309 . «,1pR 0073 .138
L940 2,00 =, 101 =176 =,305 e, 362 =345 «,179 2050 J1u2
U0 | 2,98 | 4124 =193 =, 322 | =,387 | =,3069 = 164 084 188
JI38 4,01 | e, 110 w159 =,313 | = 3b04 | =,353 e 145 W 070 .178
2901 | 0,00 | =118 =, 1B1 | @,319 | «,359 | =, 340 | =,17p 2010 L0865
,9u1 B, 02| »,120 - 150 -, 320 -, 358 -, 508 -, 154 -, 011 Loo2
940 | 9,95 | @, 097 | =, 155 | =324 | = 355 | = 244 | =, 104 | w044 | =, 118
1,202 150 | =,039 - 047 -, 138 = 180 -, 109 -,c01 =, 220 002

1,200 2,00 | m U4y -, 84 - 142 - 1RS -, 170 -, 207 =,336 e 033
1,200 | 2,99 | =,U82 | =,052 | ®,136 | «_ 183 | =173 | =, 201 | =, 279 | =,120
1,204 4,01 | =,041 -, 0Uy48 - 14} -, 182 =-,174 =, 185 »,178 -, 183
1,201 | 5,99 | =,049 | «,050 | =,13R | w 18] [ =, 174 | =, 173 | w,127 | «,172
1,202 | 7,99 | », 04y | =,052 | e, 141 | =, 183 [ »,171 w14y | =, 110 | =, 167
1,200 | 9,99 | @, G4S | «,054 | «,148 | « 179 [ «, 171 w089 | «,097 | =, 163

€2
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TABLE 7.- PRESSURE COEFFICIENTS FOR LOW-EXPANSION-

RATIO NOZZLE, ROW 7

u Py, Cp for x/d of -
® Pw 0.150 0.500 0.800
0,000 1,51 0002 102 002
L,000 1,99 s U0 001 J00
L000 | 3,001,000 WU00 | =,000
L000 4,01 000 «000 L U00N
L,000 4,99 g V00 =000 - 000
Loon i 6,00 »,000 2000 000
LS00 | 63| =,000 00U =, 001
L0221 1,49 =226 =y120 -, 035
. .bUO I 1,99 -,a?,u wa121 -, 038
LH0L 1 3,000 @228 | w130 =042
I ,601 | 3,99 e,225 ~,123 -, 048
LLB02 . 5,99 «,215% =116 =, 040
JbU1 P AUl e, 214 ~,09%0c -, 015
LB0? 1,92 =,279 -, 147 -, 026
LB00 1,98 =297 LY -, 026
LB00 | 2,99 «,2R7 e, 150  w=,036
Lant 3,99 =,27% w1387 -, 027
LBu0 599 w=,280 129 -,019
800 B,02 =,275% -, 106 o0l
G800 9,84 =251 -, 092 005
,ou1 1,50 =403 ., 157 -, 049
L9u1 1,97 =, 404 =, 184 “,U65
,901 2,99 =, 402 »,a193 -, AU
! 4,02 =, 395 -, 17d -, U053
I .90t 5,99 =,dn2 -,153 -, 39
I JB99 . B0t m SHA =, 126 -, 029
L899 1 9,99 =, 384 =04 -, UR25
,9up0 1,49 =, 362 -y 422 -, 0R1
Ay 2,00 =, 569 e bu? -, 0193
L9un 298 w=,3%00 ' =,3RC0 -, 120
L9384 4,01 =,371 LRI ~, 099
) .94l b0 ™ 3kY -, 355 -a107
oL, 9ut Rel2 e,86h , =,330 -, 130
Loun 9,95 w=,361 w213 -, 077
1,202 1450 =,179 =,195% w, P4
1,200 200 =, 170 -, 194 -, 278
1,201 2499 =173 =,193 =, 275
1,200 4,01 | =175  «,197 =274
1,201 S5¢99 | w,17R =, 197 -,272
1,202 7499 =,18% =195 =, 23R
1,200, 9,99 =,170 ~, 1G4 -, 219
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TABLE 8.~ PRESSURE COEFFICIENTS FOR LOW-EXPANSION-RATIO NOZZLE, ROW 8

" pt,j Cp for x/d of -
bl Py 0.000 0.100 | 0.200 | 0.300 | 0.400 f 0.500 i 0.600 0.800 ' 1.200
0,000 1,51 @,000 «,000 =,000 L002 | L001 ,008 | ,001 Lot ,000
L000 1,99 =,000 4000 =,000 L0011 ,000 ,000 | ,000 | =.000 =,001
L000 3,00 w001 =01 -, U1 000 «, 000 =, 000 », 000 -, 001 w002
L0000 d 01 =y 001 eg00l  =,u0)  =,000 =,00! =,001 e,001 | =001 *,0038
000 4,99 =001 -, 01 - 0yl =, 000 =000 =, 001 w001 =, 001 ‘ -, 003
,000 6,00 =,001 -, 001 -, 001 <000 =, 001 =, 001 =, 001 - 001 - =,002
.000 b.bS -.001 ..U“l -.‘)01 -.001 ".001 -.001 .'001 ..001 -.003
602 1,49 =, 174 -2 ., P68 -, 514 w431 ., 512 .,337 ., 106 021
WO00 1,99 = 176 =,230 e,272 =,317 =,438  =,526 344 =, 126 =,000
601 3,00 @ 177 | =,231 *, 273  +=,325 @, 452 =,532  «,333 ., 6121 », 005
001 3,99 =,176 | «,229 -, 271 *,313 w449 «,519 =,326 =, 101 , 026
002 5,99 «,171 ", 223 =262 *,300 -,412 -, 481 »,292 = 0u8 s 058
.001 B,00 =,167 | =,218  =,255 =,292 =,397 ' =~ 437 . w,25% e, 013 . L0066
(B02 1,52 =212 | =,293 w354 =,382 -,532 =,539 .31 LT 0040
,800 1,98 =,213% -, 294 =, 356 = 383 =,52¢ -,537 =,322 e 106 0024
BUU 2,99 =,214 e,294  «,3% = 381 =516 «,538 ' =,321 =, 005 024
LBu1 3,99 =,211 -, 291 -, 351 =,382 =,509 =,923 , =,313 =,081 . L046
LBu0 5,99 =, 204 -, 781 =, 135 =, 351 -, 486 =, 474 =,252 =, 029 2079
JRO0 B,02 e, 198 271 =,322 «,339 =, 435 e, 426 «,202 L011 W 067
LBUD 9,88 we,192  =,251 =307 2,317 e 412 =, 564 e,151 L0580 . 055
L901 1,590 *,192 =,302 e, 428 =,814 =, 48} =,258 =,185 e 097 =,002
L0901 1,97 =4193  =,303  =,429 «,516 «,554 «,278 =,207 .,118 =028
901 2,99 =193 ,303  =,429 =,519 =, 588 «,287 «,209 ,113 = 025
,901 y02 @,193 | =,403 «,429 =,520 «=,53 =,287 =,208 e, 104 =, 000
,901 5,99 «,192 | =,301 =, 420 = 498 w453 = .251 | «,171 -, 079 020
.899 B,01 =,191 =-,301 - 424 = U483 =, 364 -, 21R -, 135 », 045 031
$899 | 9,99, =,189 | »,298 e,419 e 452 = 307 «,180 . =,092 e_006 W 037
.940 1,09 =159 | =,262 =,384 = 4561 -,531 «, 210 ®,167 = 125 =, 05%
L9u0 2,00 »,159 262 -, 384 -, 467 w, b350 =-,291 -, 221 -, 146 -, 107
LIUU | 2,98 *,159 | w,261 @ =,384 | =, 443 =, 596 =,291 “,198 =, 143 =,081
L938 | 4,01 =, 160 | =,263 =, 380 | =, 468 =,bb64 =, 334 -, 221 -, 158 =,083
WOUL | 6,00 | = 186 | =,259 e 3B1 | =,47) | =,642  »,294 =,202 =,162 =,066
L9411 8,02 | =156 =, 259 -,381 -, bbb =,500 ~, 246 | w»,163 - 100 =, 024
L9640 | 9,95 =156 | =,260 | «,382 |, 469 | =,548 | <, 182 | w=,{44 | e 0R4 | =,007
1,202 | 1,90 ®4038 | «,090 | =, 165 | =,233 | »,387 | «,610 | =,604 @ =,538 | =,393
1,200 | 2,00 | =,038 | «,091 e, 167 | =,234 =y 387 | =,006 | =,608 | «,538 | =,475
1,201 2.99 | «,039 | =,091 =, 166 | =232 | «,383  «,004 | »,608 | =540 | =,386
1,200 4,01 | =,039 =, 091 -, 167 =,230 ~, 386 -, 005 e, 606 -,529 -, 244
1,201 | 5,99 | »,038 | =,090 | »,166 | =,233 | =,384 | =,59¢ | =,604 | «, 351 =, 153
1,202 | 7,99 =,034 | »,0980 | e,165 | =, 231 *,385 | =,593 | =,564 | «,239 | ~,131
1,200 | 9,99 | =,039 [ w091 | w,167 | #,235 [ =, 385 | =,59) | «,471 | =, 170 | =,121
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TABLE 9.- STATIC PRESSURES FOR LOW-EXPANSION-RATIO NOZZLE, ROW 9

" Py, 4 p/pt'j for x/4 of -
® Py 0.750 0.920 1.002 1.200 1.400
0,000 [ 1,51 [ ,853 WSk .637 ,665 0665
L000 1,99 856 1529 W U085 . 5085 504
,000 3,00 310 o340 L400 310 . 340
,0n0 4,01 0 598 0235 L2u9 .235 . 249
L000 4,99 . 596 0179 o191 179 . 191
,000 6,00 0 395 o134 o152 134 152
L000 6,63 0 395 2108 134 108 134
,602 1,49 858 624 6T L BB 697
L6000 | 1,99 | 852 «531 Lu08 0517 524
L0601 | 3,00 | ,315 303 40l 315 343
601 3,99 2400 219 251 219 251
002 | 5,99 « 397 133 161 133 101
.601 8,00 0395 102 2097 102 W 097
,802 | 1,52 | (860 1638 .679 L7100 W712
L800 1,98 2 852 5338 L4586 534 YT
,800 2.99 + 335 2 S44 LU0 0338 o 344
L801 3,99 222 2064 Juot 222 2064
L800 5,99 . 598 0135 ,163 138 o103
2,800 8,02 : 396 0100 L0992 W100 . 092
LB00 9,84 0395 101 L083 101 L083
L901 | 1,50 | B85 617 668 .719 .73
90t 1,97 0850 530 L 459 549 L5061
I 2,99 0 347 347 L402 J347 2347
,901 4402 0223 271 402 223 P71
901 5,99 »399 o134 150 . 134 150
.899 | 8,.N1 397 . 069 L 093 , 099 ,093
L899 | 9,99 . 305 W 098 L 081 L0098 L081
,940 1,49 , 852 .588 Loud 12 726
940 2,00 W 851 V531 413 539 552
L9u0 2,94 0398 0 321 340 321 o 340
.938 4,01 » 394 2381 271 231 o271
941 6,00 0395 W 132 W 154 132 e 154
94 8,08 0 395 2099 TR L0199 .093
Louo 9,95 . 395 L JUBP LU9R L 082
1,202 1,50 L 852 W56l 528 048 086
1,200 2,00 . 894 528 394 LUBh S0
1,201 2,99 398 206 L 298 246 .298
1,200 4,01 2 399 o170 182 176 .182
1,201 5,99 « 399 103 100 J103 L1100
1,202 7.99 0397 . 094 WUH3 .094 X
1,200 9,99 » 396 2193 JUHD 093 U8B0
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TABLE 10.- STATIC PRESSURES FOR LOW-EXPANSION-RATIO NOZZLE, ROW 10

P¢,j | p/Py 3 for x/d of -
M r i r
{ ® P ' 0.573 1 0.591 0.650 0.700 0.750 | 0.800 0.850 0.912 0.950 1.002
0,000 1,51 2999 T 2938 .890 2830 L 146 628 Ty «570 YT
,000 1,99 0391 968 W 934 891 .831 JT47 627 .U60 Ju2e 2391
000 3,00 03990 o341 245 268 281 313 367 L,4s9 427 0390
L0000 4,0t . 389 +339 ,247 <158 0129 J1aa 2153 L3010 426 2 389
L000 4,99 0 388 0339 247 160 111 LUB0 089 21715 U225 2388
000 6,00 2 388 0339 249 163 W13 , 081 s 067 ,130 424 W 388
,000 6,63 » 388 0340 250 164 BEY ,082 s 062 128 425 388
,602 1,49 0997 971 , 934 L 895 .838 7157 b 653 570 0655 2680
N 1.99 396 2968 933 R9t 830 o 745 s028 LU60 430 0390
,601 3,00 0 392 0342 251 .287 307 355 342 ;abo W 430 392
,601 5,99 0591 e 340 ,2u5 157 149 162 172 L3038 429 » 391
602 5,99 0 389 0339 o247 101 RV V8 « 095 a2 J42o 0389
,601 8,00 o 3HH 2339 2249 L1864 o115 ,082 062 IRER! H42% 388
,B0e 1,52 0999 0973 .35 L899 JBu2 762 26063 ,590 YS! 1688
800 1,98 1,000 2971 933 +8983 J832 146 o629 462 431 471
800 2,99 1593 342 204 .307 336 0332 628 Juel Wu32 «393
L8019 3.99 0392 W 340 L2406 157 ,158 W173 188 314 ,430 0392
,B800 5,99 389 0338 L 245 2160 W11 U8B0 124 J1u8 427 0389
.B00 8,02 ,388 +338 247 162 W10 JUB2 2061 L1112 425 0588
,B00 9,84 W 388 839 250 166 L1315 L083 2063 L0710 425 388
901 1,50 2998 972 ,933 .890 A39 . /56 653 LYY 608 2671
901 1,97 v 998 0969 « 931 LA87 831 o744 0626 TS 430 1450
T 2.99 0 392 o 3u2 249 272 . 326 . 337 627 Juet 2431 0392
901 4,02 0 392 2 340 J2u4 o156 132 L 153 237 313 Q431 v 392
,901 | 5,99 2390 +339 246 160 12 ,081 « 157 156 Ju28 +390
,899 | B,01 v 388 0338 247 162 W113 WUB2 062 L1 s 426 0388
L,R99 9,99 W 387 »33R .2u8 ,163 o115 LU83 2063 2078 J4es + 387
,940 1,49 ¢ 995 ,970 L931 YK .834 . 750 643 L534 2569 0691
940 2,00 2998 969 2932 . 8RS o831 Y : 627 Lu62 2430 U0y
,940 2,98 0393 #0343 248 249 288 44 627 SU462 Ju3e 0393
L938 | 4,01 0393 W34l 204 156 o118 215 2250 L2717 2431 1393
,9u1 6,00 » 390 0339 £ 245 160 W111 ,083 162 ,159 428 + 390
L941 by02 ¢ 3H8 $ 338 . 246 162 W113 ,082 2 062 108 Jdee 0388
940 | 9,95 v 388 2339 ,2UB 163 W114 LU83 L0063 .075 Ju2s 0 588
1,202 1,50 996 076 2937 .B78 L840 . 751 ,641 512 2518 2599
1,200 | 2,00 0390 974 2933 L880 832 744 027 Ty W29 0 396
1,201 | 2,99 | ,392 W 340 Ru7 L204 ,259 .293 .308 V326 430 4392
1,200 | 4,01 . $91 $ 340 243 .158 W11 L099 2140 207 LU30 2391
1,201 | 5,99 | ,391 2339 243 L 160 o112 LU80 105 L138 2430 0391
1,202 | 7,99 » 389 T W243 160 JA12 L 081 ,061 L089 428 0 389
1,200 [ 9,99 . 388 ¢339 . 245 181 o113 VB2 1062 .069 427 0388
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TABLE 10.- Concluded

" Py, 4 P/Pt,j for x/d of ~
® Po 1.050 1.100 1.155 1.200 1.250 1.300 1.400 1.500
0,000 1,51 2657 0 665 067 667 065 066 667 .679
L000 1,99 « S48 511 509 L5058 .503 204 .503 L8513
L 000 3,00 2 341 0 245 268 .2B1 0313 0435 3067 2067
L000 | 4,01 s 339 247 158 ,129 144 ,153 301 L3162
000 4,99 0339 207 160 111 « 080 ,089 175 201
L,000 | e,00 | ,339 s 2049 168 L3113 L081 V67 W 130 131
000 .03 o 540 0250 164 14 ,082 0062 125 J124
,00¢2 1,49 21093 +098 701 702 £ 101 n 703 693 . 771
L6000 1,99 + 556 «532 0931 527 526 ,528 519 YT
,b01 31,00 s 342 251 W RR7 $ 307 » 355 437 0342 .291
L601 | 3,99 Y 245 W 157 L1u0 162 172 303 L SR4
02 5499 2339 247 101 12 Ju8l LY 142 ,139
.001 B,00 '559 .?“9 .15“ .115 .(152 .Uba .‘11 .105
L802 1,52 U1 0708 o710 712 o714 AW 694 730
800 1,98 1.1 985 5506 <9584 YY) 953 536 2515
L800 2.99 e 302 P64 307 <3306 LY Y 332 328
LROY 3,99 0 540 240 157 . 158 o173 188 314 L, 380
L800 5,99 e 53R LY 100 NEE| L0B0 124 C1UB Llu8
LB00 | 8,02 | ,338 247 LY. 114 .082 V61 112 a7
.800 9,84 2339 2 250 Y 115 083 V03 070 LAY
L901 1,50 N-1:Y W8GR L7185 724 T30 . 138 2707 1Y
L9001 1,97 | 4553 $ 539 547 L5654 ,503 ,569 ,549 ,594
L901 2,99 W 842 P 2UY 272 .326 JUTT? TR «337 Ja1e
901 4,02 0340 -y e-1.} . 132 0153 0237 0313 .310
L9014 5,99 2339 206 160 12 081 , 157 » 156 Y-
L899 A 01 338 W 24T 162 113 082 LU62 111 L1089
,899 9,99 0 538 248 163 115 L083 V63 071 JURE
LU0 1,49 T3 10RO s 100 . 718 o124 136 704 L1770
L9940 2,00 «9es 502 - .525 ,5 34 -T2 D39 ,OR7
940 2,98 0343 248 U9 .1 JUluy 0 457 344 L 424
,938 4,01 o341 244 . 150 J118 215 e EH0 277 .323
L9401 6,00 539 y P45 Y] JI11 2083 Y-y o159 ,164
L9401 Ry02 334 Pl 02 W13 .Y -y 108 107
,ou0 9,95 s 339 2an JJ0d 114 B3 063 W 075 JNR9
1,202 1,50 Y o551 NG L0683 . 099 o 104 082 L1728
1,200 2,00 W21 514 518 495 W513 ¥y ,520 L8505
1,201 2,99 340 247 20y 259 293 508 . 326 L47S
1,200 4,01 e SUD W 243 « 158 JA1t , 099 J140 207 L 315
1,201 5,99 e 539 W 2U3 , 180 Jd12 . 080 . 108 138 L1132
1,202 7.99 e33R e 2U3 160 J112 L 081 , Vot , 089 Lu91
1,200 9,99 339 245 161 113 L0182 , U2 s 009 Lu3s
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TABLE 11.- STATIC PRESSURES FOR LOW-EXPANSION-RATIO NOZZLE, ROW 11

Py j p/pt,j for x/4 of -

M !
® Py 0.912 ' 1.002 1.050 1.100 1.155 1.200
0,000 1,51 NCT-Y. 042 058 YY) 0006 5066
L, 000 1,99 . 597 +397 o549 S11 507 D04
L000 3,00 0397 W 342 242 273 1284 L2814
L000 4,01 399 o343 $2UB « 155 «129 129
,000 4,99 0 394 s3453 247 .187 112 JAt2
L,000 640V 0 394 344 s CHB 160 114 114
2,000 6,03 2395 o344 s 249 161 o115 + 115
,602 1,49  ,573 582 ,695 698 .699 L7101
600 1,99 462 W07 563 .532 528 .527
Lb01 3,00 0598 343 246 285 504 308
,601 3,99 397 0 344 247 « 1548 «150 «150
,602 5,99  ,395 W 344 ,245 L 158 112 L1112
601 8,00 o 394 344 J2U8 161 118 115
802 1,52 2591 592 ,704 108 o111 712
LBn0 1,98  ,463 465 574 .554 4550 551
800 2,99 o 344 0263 306 o341 306 T
.801 3,99 0 998 344U JPUR . 154 Y-y 164
LB00  H,99 $ 395 2 3ud L244 ,158 112 Jd12
800 8,02 0395 0 344 2U6 159 o114 114
,800 9,84 395 0 348 249 161 116 116
901 1,50 71 o076 089 «703 714 72U
,901 1,97 L4662 W53 561 541 L5549 .D58
,901 2,99 0 399 343 249 .283 . 534 . 334
2,901 de0¢2 0 398 2 343 246 . 155 « 133 +133
901 5,99 «396 o344 -2 4157 o111 111
899 8,01 395 o 304 JCHb . 159 o114 JI114
L899 9,99 395 344 . 2ub Jd61 o115 o118
) 1,49 930 1654 YN «68S 695 710
L9940 2,00  L4eS NEY- W53 .508 ,511 ¥
L9u0 2,98 0369 W 343 .249 L2464 0279 W79
,938 8,01 s 398 2344 2 245 + 154 2116 118
J9ul 6,00 0396 o 344 244 .158 i1l 11t
941 8,00 0 395 «3Ud JoHL 159 «113 o113
,940 9,95 0394 0 344 o246 160 115 , 118
1,202 1,90 512 8600 Y'Y <660 20063 076
1,200 2400 1463 Ja02 QU117 o517 2505 200
1,201 2,99 0398 340 254 225 273 273
1,200 4,01 ¢ 399 s 342 « 246 . 156 «110 o110
1,201 5,99 2397 0343 . 239 157 o111 111
1,202 7.99  39% 2 343 ,239 « 197 112 J12
1,200 9,99 0395 3453 WPUd YY) 114 Y

e
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TABLE 12.- STATIC PRESSURES FOR LOW-EXPANSION-RATIO NOZZLE, ROW 12

Pt, 3 p/Pt,j for x/4 of -
Yo P 0.591 0.650 0.750 0.850 0.950 1.002 1.050 1.100 1.155 1.200 1.300 1.500
0,000 151 9706 937 830 Y1) 870 YT 659 645 s600 067 N -Y-1) 677
L000 1,99 917 2938 833 526 431 400 548 513 ,509 0505 W D06 510
,000 3,00 400 0 346 246 271 278 400 306 246 271 278 N4u7 2278
000 4,01 0398 . 3458 247 .154 129 2151 345 .24a7 . 194 129 W 151 371
000 4,99 0 397 0 345 2u8 . 158 W 109 082 0345 .2u8 0155 W 109 W 082 0200
,000 | 6,00 396 345 250 .157 W11 061 + 345 .250 W 157 W11 001 122
L000 | b,63 0 397 2345 251 158 12 2062 o345 P51 158 112 LY 109
b02 1,49 2974 0938 838 650 032 1683 694 .698 699 700 w101 2718
.500 1,99 975 « 937 832 026 432 408 2560 _533 s 527 1526 542
W00 3,00 , 346 LY .aae LS00 .451 JH402 . 346 L2582 . 282 0300 Hu? 1289
L6001 3,99 2400 2 346 244 L1953 W 151 . 169 , 346 .24a o159 151 169 379
002 1 5,99 0 598 2345 .2uo . 155 109 150 » 345 L2ub 195 2109 2150 o154
,601 8,00 396 345 0250 . 158 o115 62 . 345 ,250 . 158 o113 Y W 094
,B02 1,52 2974 1939 JRU2 061 W BH0 092 W 703 107 2710 1 713 734
.B00 1,98 2975 938 .833 028 L4333 1486 572 .554 0553 0549 %49 570
800 2,99 o S48 278 0303 . 335 U433 2403 L 348 278 303 0335 JHaa 329
801 3,99 347 e 205 . 155 RTY . 185 401 «347 L2485 e 155 YT o 185 s+ 369
800 5,99 0399 340 W 245 . 156 o109 oI55 « 346 L2485 W 196 W 109 «15% W 162
800 8,02 + 597 « 345 208 o157 1 062 2 345 .2u8 s 157 111 Y] e 094
,800 9,84 v 597 o 345 ,251 . 158 o113 063 0 345 L 251 158 113 0063 2073
,901 1,50 973 09306 L8384 .651 010 078 . 693 108 T4 o121 o 735 W 760
901 197 374 «930 B32 020 «430 462 1.1 543 JOuUs 2989 Y- 9592
L901 2,99 547 248 287 332 ES W40y 347 248 .257 532 Wul2 0456
901 4,02 s47 242 « 185 o137 201 W40t e 347 2ue 0159 o137 0201 o318
,901 5,99 399 346 244 . 155 ,109 126 346 2ul 1595 109 126 2150
,soq 8,01 0598 « 345 247 . 156 111 V62 345 L2u7 s 156 111 062 2096
,899 9,99 « 596 0 345 250 .158 112 Vep ¢ 345 . P50 158 W 112 062 2077
ouu 1,49 0972 0933 . 835 Lbu3 570 , 655 , 069 .679 699 W 712 o733 o707
,900 2,00 49758 1935 WB32 626 429 409 «533 .514 523 2536 $957 1089
L9940 2,98 | ,347 2243 238 279 431 402 0 347 243 W 248 1272 463 o445
,938 4,01 o547 0240 154 o115 238 401 0 347 LPuo 154 118 +238 307
,9u1 6,00 2396 346 2ud <156 109 , 143 . 346 _aau . 150 109 143 0152
.94l a.oe 397 o 345 246 156 o111 Oep 345 246 ,150 W11 Ty 08V
9ud 9,95% « 397 «345 249 157 o113 Y 0 345 249 W 167 W 113 Ty » 08B0
1,202 1.50 975 + 935 B35 25139 513 591 L 643 Lbud 656 » 665 094 0 740
1,200 2400 0398 0935 .ase 625 427 s 398 WUl JUR7 509 483 $ 510 Y1)
1,201 2,99 399 33Ut 22U3 264 .eoe 261 W 3Ub .2u3 W P0U _el2b2 .201 427
1,200 4,01 W4og W 346 .ese .157 109 W 153 L3486 P38 2157 109 153 ' 280
. 201 5.99 0399 W 346 J2ul 156 108 061 346 L240 . 156 J10B » Vb1 119
11,202 7.99 « 398 0345 262 . 15% 110 L 062 o 345 242 . 155 o110 Y W GBO
1,200 9,99 ,398 e 345 1246 156 111 062 » 345 .26 + 1506 o111 Ll 1029
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TABLE 13.- STATIC PRESSURES FOR LOW-EXPANSION-RATIO NOZZLE, ROW 13

Pe,5 | p/py 5 for x/d of -

M 2 2
® Po | 0.912 1.002 | 1.050 . 1.100 1.155 | 1.200
0,000 1,51 2460 N . 559 bbb 067 N-1.Y.)
L0000 1,99 45} 2402 W549 ,512 L9509 ,503
000 3,00 o 34R 242 270 . 285 270 .285
L,000 4,01 0 3984 0 348 . 249 . 151 oid1 . 131
000 4,99 LT o« 308 JouB 154 L 108 o108
L0000  b,00  ,395 . 348 L2248 L1586 L109 ,109
s000 be63 + 396 0349 249 o157 o110 110
,602 1,49 1266 081 «693 | L0604 695 W 694
,000 1,99  ,452 o419 o560 1,528 524 520
601 3,00 4349 e?53 L2748 . 293 278 293
L601 3,99 2349 287 150 156 150 156
602 5,99 2397 Y J2ouS . 154 2108 2108
.,001 8,00 390 349 o247 156 o110 o110
B2 0 1,52 %84 w691 LT01 ,703 . 708 JT04
L,B00 1,98 s453% JU69 570 .DUB =11 U2
LBUO 2,99 L3514 292 W301 Jile 2301 . 318
LBt 3,99 359 L2406 W153 ,169 ,153 .169
LBu0 S.99 0 598 348 2Ud .153 108 ,108
LB00 8,02 ' L396 $ 38 L2ub L 156 W10 110
LB00 9,84 0 396 « 349 o 24b 187 o111 o111
.01 1,50 + 354 081 «b87 o104 o713 o719
901 1,97 W 451 1863 1.1 YT 950 953
L9901 2,99 0 349 0263 286 321 286 521
901 4,02 » 3u8 0 245 o151 . 155 151 185
,901 5,99 s 599 o JUB «CH3 « 153 107 107
, 899 B,01 s+ 597 s 308 sCUD . 158 109 o109
,899 9,99 » 396 s 3UH o247 -1 SRS 1
Lou0 1449 + 025 60U 078 L6809 JT03 « 713
L9ub 2,00 450 Ju1? Y Y| .525 .33
940 2,98 0 350 245 0290 284 256 L1
.9348 4,01 o S48 L L3 126 0151 126
.4l 6,00 » 569 o 3UB o243 154 108 108
,941 | 8,02 | 4396 W 348 L245 , 155 ,1u% 109
'900 9.95 .590 .5“8 .2“5 .“35 ."0 .110
1,202 | 1,50 | ,#83 572 631 L6130 L, 645 L6589
1,200 2,00 398 + 379 379 Y JH73 J479
1,201 2,99 e 899 e 3UB 249 253 237 o237
1,200 4yt s 549 W 243 o153 L1ud .153 U4
1,201 | 5,99 [ ,49A 0347 P39 . 154 107 L107
1,202 | 7,99 | L4397 L347 Ly . 155 L109 ,109
1,200 9,99 0395 0 3UH 242 158 110 J110

o R
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TABLE 14.~ STATIC PRESSURES FOR LOW-EXPANSION-RATIO NOZZLE, ROW 14

Pty _p/pt . for x/d of -
M ) ]
® Po. 0.573 0.591 0.650 0.750 0n.850 0.912 0.950 1.002 1.050 1.100
0,000 1,51 0997 ¢ 975 £ 934 .828 W 633 483 «973 L6318 Wb00 2066
,000 1,99 : 997 976 0934 B30 0031 2 407 U228 407 528 1513
L000 | 3,00 | ,398 « 350 J2UR 265 .293 ., 387 426 . 398 +350 W 248
L000 | 4,01 v 395 . 549 L 2u2 .151 W 135 o263 24 . 395 o 349 242
L000 | 4,99 | ,393 W 309 .euP .153 . 105 ,159 2423 L3948 | 349 242
.ooo 6,00 . 592 347 Pud . 154 . 107 L 081 423 .392 « 547 y244
,000 b,bs 0392 0347 .2u5 .154 ,108 WU70 W23 . 392 347 1 208
,602 | 1,49 | ,998 2974 .939 L8313 .658 577 L8630 .674 687 1691
L6800 | 1,99 | ,997 974 | 935 827 ,633 J460 ,u28 L4138 2537 526
,601 3,00 . 399 . 549 270 270 .288 LH66 427 L399 o 349 2270
.601 31,99 | ,397 W349 240 .150 W 147 0220 426,397 $ 349 241
,602 5.99 0394 QS4B 2U2 , 151 W113 s 157 424 39y o348 y242
,601 8,00 392 2347 . 2U5 L1563 J14 063 NTY: 392 W 347 v 2485
802 1,52 2959 «975 LU .8136 009 $292 W 641 1 _6A3 0694 2698
,800 1,98 993 .970 937 .828 (035 ' 466 W31 L5004 593 544
L,B00 2,99 399 W 3UR ,304 ,289 315 | L4e7 429 L399 L 3U8 304
,B01 3,99 498 2349 .239 .158 02 219 2428 398 . 349 2239
,800 5,99 394 348 238 151 114 b1 425 L3094 2 348 1238
L0800 8,02 392 o307 oue L1581 JA17 0 Lbed 424 .392 . 347 242
,B800 9,84  ,39) W3ub L2486 . 1585 118 w065 1,423 ,39) 0 34b 2U6
,901 1,50 998 975 . 939 .832 0060 570 1,622 1,675 691 + 703
,901 1,97 1997 +975 ,930b B26 $632 465 2428 L490 547 2542
L901 2,99 ,397 343 .285 .279 322 0 Lder 427 .397 L343 1285
L9001 . 4,02 | ,396 | W34 1,235 ,153 L1593 241 } 2827 | 396 | (344 . ,235
901 | 5,99 | (393 | (342 | .235 149 ‘ 114 . 073 | 425 | 393 | 342 ' ,235
,899 8,01 0390 4345 ,241 L 149 J14 T 062 0,423 1 (%90 | ,345 241
L899 9,99 390 | 345 ,2u2 . 153 \ JA18 0 06t | 423 ‘ .sqo I 171 W 242
940 1,49 + 996 0975 <936 A28 L0649 0234 2578 653 W 671 2688
940 2,00 997 977 935 ,826 034 LYY U118 a2 822 222
,940 2,98 L399 2343 ,243 .254 0293 TY W42t . 399 $ 343 1243
938 4,01 » 395 e 342 238 0155 142 ,251 421 .395 342 «238
961 o.uu 0394 « 301 .239 .152 2115 ,099 s426 . 394 341 239
,941 8,02 491 W 302 239 . 157 117 L061 Ju21 . 393 342 +239
,940 9,95 389 J341 .239 .153 ,120 Y] L421 .3R9 L 341 v239
1,202 1,50 ,998 970 0936 .h28 U8 W501 L498 .553 W61 1625
1,200 2,00  ,39% 0362 £ 935 .B26 .636 460 Ty, 395 0362 LY
1,204 2,99 396 o344 238 247 ,°29 244 423 ,396 o344 1238
1,200 4,01 0390 Yy L238 L1564 W47 y126 L423 L 396 . 344 1238
1,201 5,99 0395 344 e 238 154 J119 Jed Jhee .319% o 344 1238
1,202 7,99  ,392 W 343 242 ,154 .120 063 Lu23 362 L343 2U2

1,200 9,99 0391 o 3ul J2U3 154 120 W63 17 391 0 341 e 2U3




TABLE 14.- Concluded

. Py, j P/pt,j for x/4 of_—- |

® P, 1.155 | 1.200 } 1.300 1500 |
0,000 © 1,51 ,667 Wbbb o666 | ,670
,000 1,99  ,507 +506 ,504 2906

,000 3,00 265 0293 387 315
L000 4,01 151 2135 263 LY

000 4,99 o153 o105 «199 © 4205
L0000 6,00 2154 107 S UB1 W177
L0200 b,63 2154 s108 L070 . 160
L6002 1,49 | 691 1691 .696 L1708
600 1,99 9517 «S16 518 1 534
,601 3,00 0270 «£88 JU04 « 336
B0l 3,99 e 150 o147 22V +289
002 5,99 e 151 113 o157 169
.01 8,00 2 153 114 X <107
802 1.52 099 o701 .707 . 721
B0 1,98 oH38 539 1S «958
L800 | 2,99 | ,289 ¢315 L4117 .380
L801 3,99 o158 162 219 «291
800 5,99 0151 114 d0l 170
,800 8,02 v 151 y 117 06t »101
LB00 9,84 0 158 o118 . 069 082
901 1,50 707 o712 725 o THB
L0901 | 1,97 1 ,543 $547 $557 ,575
2,901 2,99 279 322 427 420
.90t 4,02 183 153 Ly 272
L9081 | 5,99 . 149 114 L073 131
.899 A, 01 o 149 by 114 0062 «100
L899 | 9,99 | ,183 o118 L0861 W078
,940 1,49 L 696 707 724 747
Lou0 | 2,00 e 5%0 53U YT 566
940 2,98 1254 0293 423 413
,938 Loot W 155 lae 251 W27°
94t 6,00 W152 W 115 0099 2153
L4l B,02 W 157 o117 J061 . 095
LU0 9,95 2153 o120 062 o077
1,202 1,50 Y'Y Yy 2090 ,709
1,200 2,00 450 s 4RYU c 195 502
1,201 2,99 247 0229 2u4d TR
1,200 | 4,01 W 154 y147 126 223
1,201 5,99 o154 «119 U0 L1098
1,202 7,99 2 164 W 120 2063 074
1,200 9,99 el15h4 o120 X <061

€€
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TABLE 15.- STATIC PRESSURES FOR HIGH-EXPANSION-RATIO NOZZLE, ROW 1

" Py, P/Pt,j for x/d of -
® I 0.000 0.300 0.560 0.661 0.763 0.814 0.889 0.942 0.990
0,000 1,50 ¢ 904 888 , 856 815 Y 0072 LU78 L 495 0635
,000 2,01 + 394 334 854 810 633 1T L0069 L3594 0334
,000 3,02 +393 0333 853 .808 L6032 2563 WUbb ,393 0353
,000 4,02 0393 2332 857 .821 L 640 970 467 .393 0332
,000 Uple 0393 0334 «853 «B13 N 068 4065 . 393 «331
601 1,%0 0901 892 854 A19 645 572 476 .uss W 643
,603 | 2,01 0594 «332 853 816 W40 W568 469 L394 . 332
.603 3,01 « 394 2333 . 853 <815 . 638 0565 NTY 394 0333
W601 4,00 2393 0332 853 .Bl6 2637 2565 Ty 393 0332
,602 5,08 0393 0332 853 816 b3 T JUbb 393 332
801 1,49 902 2893 2854 817 Ny W971 JUT7 .560 659
,802 2,02 0394 »333 852 ,812 041 367 L4069 . 394 0333
,801 3,00 0 394 0334 L6852 «B11 $ 639 + 965 Ju68 L 394 W 354
,801 4,01 0393 0332 o852 810 2637 1Y JHe7 . 393 0332
L801 5,84 0393 2331 853 812 036 1.7 YY) . 393 331
,900 1,50 0901 ' 890 BS54 817 048 969 2479 ,602 667
,903 | 2,00 | ,393 0333 852 ,813 ,643 0968 L4069 .393 0333
02 3,01 0393 334 +853 <810 « 640 1.1 U408 .393 e 334
G901 | 4,02 | L3593 0333 +B53 810 2639 Yy NTY L393 . 333
,901 b, 04 0392 331 . 853 810 638 . D63 YY) 392 0331
902 6,31 ¢ 393 » 3314 .B5% Bl ,638 R-1.Y/ Y .393 531
,943 1,50 898 . 887 852 811 Ny D68 499 .62 W 677
941 2,00 0391 0332 850 .807 039 0262 1408 391 0332
,942 3,00 | ,391 0332 .85y .806 .638 W63 W466 ,391 0332
942 44,03 01392 » 331 «B851 «808 o037 062 14066 .392 e 331
,942 6,02 0392 2331 851 ,806 637 D62 JU65 ,392 2331
941 6,51 0392 331 8582 806 £ 637 + 963 465 . 392 331
1,199 1,51 +898 2885 LBu9 ,817 645 D61 4T 443 2603
1,200 1,99  ,392 +333 +853 .B13 L0643 W56 WU70 .392 0333
1,200 3,01 0391 2334 . 853 810 , 639 .63 469 ,391 0334
1,201 4,01 0393 0332 «85% 809 639 -1.Yi] 2408 . 393 0332
1,201 6,00 0392 0332 853 ,808 «637 2563 , 467 .392 332
1,201 7499 0392 0332 +B53 .808 636 0963 466 2,392 332
1,200 B,67 392 $332 .853 ,808 636 2561 L466 .392 .332
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TABLE 16.- STATIC PRESSURES FOR HIGH-EXPANSION-

RATIO NOZZLE, ROW 2

. p/py ;5 for
M Ptr] i x/d ijf -
[+ -] -
Py , 0.763 0.942

0,000 1,50 | ,652 572
L0000 2,01 ,598 «398
| looo 3,02 ,385 | 385

L000 | 4,02 383 +383
,000 | 4412  ,383 « 383
L6001 1,50 648 W5u8
L6035 2,01 ,391 0391
L6003 3,01 ,383 +383
L601 4,00  ,383 ¢383
,602 5,06 L3582 0382

(801 1,49 649 ,592
L802 2,02 4391 391
801 3,00 384 384

,801 4,01  ,383 2383
,801 5,84  ,382 382
. 900 1,50 2648 p611
903 2,00 + 599 + 390 B
902 3,01 0583 1383
.901 4,02 0382 ' 382

901 6,04 | ,3B2 W 382
902 | 6,31 0 382 o382
2943 1,50 | ‘J0de 2627
L9041 | 2,00 | ,391 »391
942 | 3,00 382 382
L942 | 4,03 | L3811 W 381
L0u2 | 6,02 | 4381 381
941 | 6,51 W381 e 381
1,199 1,51 647 W4R7

1,200 | 1,99 | 385 o 385
1,200 | 3,01 | ,382 $382

1,201 | 4,01 | ,381 0381
1,201 | 6,00 | 382 382
1,201 | 7,99 | 381 . 381

1,200 | 8,67 | ,382 .382
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TABLE 17.- STATIC PRESSURES FOR HIGH-EXPANSION-

RATIO NOZZLE, ROW 3

" Py, 5 p/pt,j for x/d of -
® Po 0.763 0.942 1.018
,000 | 2,01 »585% 86 W49
,000 | 3,02 | 318 W 327 327
L,000 4,02 0 €58 » 245 . 245
L000 | 4,12 | ,254 239 | 239
601 1,50 | L0649 2596 | 638
003 2,01 974 463 469
L603 | 3,01 L300 316 316
602 1 5,00 ,239 «190 o190
LB01 | 1,49 L0651 0574 o649
802 2,02 574 1453 L454
L,801 3,00 ¢ 304 2310 510
LH01 4,01 257 «235 0235
LBul 5,84  ,238 171 W71
,900 1,50  ,653 577 L0061
L9073 2.00 2576 JUST L 459
,902 3,01 ,310 ¢310 o810
L,901 4,02 ,258 238 .238
.901 b,04 .238 «170 .170
902 6,31  ,237 0165 W16%
,943 1,50 $ 654 W 603 572
94l 2,00 57T LU 472
942 3,00 G815 »318 2318
L9428 4,03 ,257 »242 2U2
902 G 02 237 0174 174
L941 | 8451 ,237 . L,163 o163
1,199 1,51  ,609 521 $602
11,200 | 1,99  ,323 R 323
P 1,200 | 3,01 ,294 256 256
1,201 | 4,01 0293 0217 217
1,201 | 6,00 4237 $173 o173
1,201 | 7,99  ,237 s 144 S04
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TABLE 18.- PRESSURE COEFFICIENTS FOR HIGH-EXPANSION-RATIO NOZZLE, ROW 4

" Pt,j CP for x/d of -
® Po  =0.100 0.000 0.100 ' 0.150 0.200 0.250 0.300 0.400 0.450 0.490
0,000 1,50 2000 2000 000 -, 000 =, 000 «000 =,000 L000 =, 000 =, 000
L000 2,01 w«,000 =, 000 « 001 -, 001 =001 =, 001 =,000 =, 000 ., 004 =, 000
,000 3,08 =,001 »,001 =, 001 =, 001 -, 002 -,002 ., 001 -, 001 - 001} =, 001
,000 4,02 s 003 2002 002 002 002 W01 2002 002 002 003
,000 412 *,000 », 001 =, 001 -, 00} -, 002 -, 001 -, 001 e 001 *, 001 =, 000
.601 1,50 w167 ., 275 -, 345 -, 348 -, 327 -, 296 ., 229 -, 097 026 LY
003 | 2,01 | »,169 =,279 «, 354 = 356 e, 34] =296 ®,233 | &, 110 ,016 | 4040
603 3,01 | =,170 =270 w, 346 ' =_358 -, 339 =,295 =, 244 - 114 016 030
001 4,00 =,171 w, 280 -,35% =, 358 =, 331 -, 293 v,228 ., (91 o023 062
602 S,Ub | »,168 275 -, 342 -, 339 =, 316 -,281 », 217 -,079 . ,034 064
2,801 1,49 | =179 ~.317 -, 438 - U4e LTy -, 347 =, 254 » 060 013 0 031
,802 2,02 | = 1R% =,321 =, 451 -, 462 -, 433 -, 352 ", 259 -, 066 006 027
LBul 3,00 | =,184 w317 -, U430 -, 444 -, 40y v, 333 », 243 - U050 021 2036
.801 4,01 | =,180 ., 321 - 440 - 449 -, 41 ., 333 =240 -, 091 02l W 043
801 5,84 | =, 170 =y 306 a,lpb -, 418 =, 385 =, 310 1| w2106 w 067 W 032 0 050
,900 1,50 | =, 148 -, 299 -, 483 =, 577 -, 655 570 - 202 -, 115 -, 084 -, 074
,903 2.00 | =,147 », 297 -, 485 »,508 -, b58 -,622 =,306 . 162 -, 130 -, 122
902 3,01 | =,149 =y 297 = UK? ».553 -, b59 w, 620 »,285% ., 142 -, 115 =101
,901 4,02 | =,151 »,296 . 481 ., 5u1 ., 656 -,9509 =,233 -, 102 =, 076 =, 058
,901 b,04 | w148 -y 296 -, 482 »,532 w021 560 »,159 -, 038 *, 010 L0085
,902 6,31 | =, 143} wy,294 -,473 = 519 w, 024 =, 354 w171 -, 049 =, 014 1 008
,943 1,50 =,118 -, 256 - 43 -,518 -,593 -,060 *,657 -, 269 282 =,219
L4l 2,00 | = 110 ", 253 -,428 517 -,001 -,071 ., 650 , 276 -, 2458 =,239
,942 3,00 - 108 .,251 -, 424 »,517 =, 598 =, 674 -, 711 -, 286 » 244 -, 244
,9u2 4,03 | mg117 =,257 ., 431 »,517 «,599 », 569 e, 604 w 2u7 -, 201 =,196
Jue 6,02 | =124 e 26U -, 437 ".523% ., 606 -, 033 ,312 -, 160 -, 130 =115
,9ul 6451 | =110 -,260 -, 434 =,518 -,594 », 566 w, 2514 -, 133 =, 118 -, 109
1,199 1,51 | =4Uth -, 094 ., 204 =, 263 -, 291 -, 370 =, 424 - 487 =, 330 =,256
1,200 1,99 | =,013 -, 090 ., 202 », 236 w,316 | =,571 v, 422 - UR2 =,335 =264
1,200 | 3,01 | =,014 | «,092 | =,202 | =,280 | «,317 | =, 374 | =, 423 | « 477 | =,345 | «,266
1,201 4,01 | =, 018 -, 095 -,203 =, 232 -, 314 », 575 -, 423 -, 473 * 343 »,272
1,201 0,00 | =,015 -, 096 -,203 =, 230 -,290 », 876 =, 425 -, 472 - 3357 -, 2064
1,201 7,99 [ =,017 -, 098 -, 206 »,233 -, 287 ., 371 . 423 . U5t -, 278 =, 230
1,200 B,67 | 4013 -, 093 -, 202 =, 230 -, 287 -y368 . 423 -, 450 -, 267 =, 226
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TABLE 18.- Concluded

" Pt,5 Cp for x/d4 of -
® P, 0.542 0.594 0.699 0.804 0.909 1.018
0.000 1.50 '000 -.000 ..000 ..00(} '.000 -.OOS
L000 2,01 | =, 001 v, 001 -, 000 =, 001 -, 002 -, 012
,000 3,02 | =,001 -, 001 -, 002 -, 002 w, 003 -, 017
.000 4,02 002 0002 2002 001 L 000 015
L000 | 4412 | =4001 | =001 «, 001 | =,002 | *,003 | =,015
4601 1,50 2056 »0u8 JOU4 «037 047 022
L0603 | 2,01 | o046 $ 034 W017 | =,018 | =,057 | =,29%
.603 3,01 : 034 2027 010 » 035 », 070 -, 211
L6018 | 4,00 | L0857 W0U3 027 005 | =,012 | =, 064
602 5,00 » 065 « 053 JUU3 .028 <034 RIYTS
,B801 1,49 | 050 s 055 LUSY 2049 ,048 , 045
L802 | 2,02 | Lu39 2039 W027 | »,008 | »,053 | »,255
,801 3,00 s 043 » 045 G033 | »,003 | =, 042 | =, 140
LB01 | 4,01 | 087 W061 W 052 044 ,023 ,006
.801 | 5,84 W 075 , 083 L 086 . 090 0105 156
L9600 | 1,50 | #,037 | «,019 050 . 069 ,079 L070
,903 | 2,00 | «,067 | =,035 ,024 L028 | ®,000 | =, 149
902 3,01 | 4,087 -,033 026 028 2001 =, 0G4
,901 4,02 =,029 -, 004 062 064 . 0SS ,028
,901 6,04 eVUt ¢ 060 o103 127 1406 169
902 | 0,31 1048 0072 Wit 133 158 183
94Ul 1,50 =,171% me111 -, 013 052 <084 098
WJI41 | 2,00 = 186 | =,127 | =,033 014 G021 | =,066
L9942 3,00 =,190 w,128 -, 033 011 018 », 063
942 4,03 | »,150 -, 096 -, 002 049 2059 033
42 6,02  =,077 w043 LOu8 .098 127 143
L9U1 | 6,51 1 »,07d | «,019 D067 W16 «153 162
1,199 | 1,51 ®,186 | ®,158 | =,092 | =,070 | =,059 | =,042
1.200 1.99 .|172 ’.1“6 -.09u -'072 ..080 '.538
1,200 | 3,01 4,212 | =4171 | «,087 | «,057 | =,049 | «, 084
1,201 4,01 =,202 wy106 - 101 - 033 «007 J0de
1,201 | 6,00 =,205 | w,161 | «,0438 L0040 L094 <154
1,201 7.99  =,169 | «,125 | «,020 ,090 L1386 . 195
1,200 8,67 =,173 w122 -, 024 .098 44 .200
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TABLE 19.~ PRESSURE COEFFICIENTS FOR HIGH-EXPANSION-

RATIO NOZZLE, ROW 5

Pg,5 - Cp for x/d of =

, | Po ' 0.000 | 0.490 | 0.804
0,000 1,50 «,000 ~=,000 @,000
L0000 2,01 «,001 «,000 =,001
.000 3,02 -'001 -,001 -, 002

L000 4,02  ,003 003 001
000 4,12 =,000 =,000 =,002
601 1,50 «,235 1062 025

.603 2.01 "235 .052 -.o’b
2603 3,01 =,228  ,052 =,0t1b

.60! 4.00 ..229 .Obu .005
602 5,06 =,221 069 LU28
I .601 1,49 =, 262 2039 36
.802 2.02 ..267 |035 2U00
.801 3.00 -.269 + 030 .00“
L ,801 4,01 =,265 . 057 a2
,801 5,84 =,256 085 098
900 1,50 =,251 | «,066 T
2903 2,00 =,248  «,085  .037
©.902 3,01 =,243  =,069 | 040
| .901 “.02 -'251 -.0“7 .060
L9001 | b,04 | =,240  ,003 | 122
902 6,31 | =,236 | L021 # 135
;9“3 1.50 -.213 =, 250 JUUB
941 2,00 | »,209 | =,265 W 030
942 | 3,00 =,206 | w.214 L 050
1942 | 4,03 «,202 | =224 L 052
9U2 | 6,02 *,202 | =,135 096
.4l 6,51 | =,200 -,105 o118

1.1°° 1.51 '.062 ..210 -.089
1,200 | 1,99 «,057 | =,207 | =,082
1,200 | 3,01 | =,059 | «,201 | =,061
1,201 4,01 | =,065 -,203 =, 041

1.201 b.00 '.070 ..203 .014
1,201 7,99 | =,072 =, 194 d073
1,200 | B,67| <,075 | =,185 L0B9

6t
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TABLE 20.- PRESSURE COEFFICIENTS FOR HIGH-EXPANSION-RATIO NOZZLE, ROW 6

" P¢,5 o for x/d of -
® Pw -0.100 0.109 0.200 0.300 0.500 0.650 0.800 1.002 1.224 1.400 | 1.614
0,000 1,50 | =,000 002 W0N1 =-, 000 -, 000 =, 000 », 000 ., 000 -, 000 w, 000 | =,006
.000 2.01 '.000 ..(’02 .000 -.000 '.000 -.000 -.001 -.001 .'001 .|001 -.009
,000 3,02 | =001 =,002 =, 001 -, 001 001 e, 002 =,002 -, 002 », 002 =,001 | =,008
L000 4,02 0003 002 LU03 L0002 W 002 W00t o001 -, 000 002 1005 2 U34
L,000 4,12 | =,000 -, 001 -, 001 =, 001 -, 001 =, 002 =, 002 - 003 =, 001 WU03 2033
L0011 1,50 | =,118 219 -, 160 -, 124 -,083 »a 013 v, 051 ., 039 W 017 069 186
,603 2,01 | =,126 -y 220 m 164 -, 125 -, 079 w068 », 059 -, 048 018 U922 221
L6038 3,01 | =,129 ., 216 -, 162 -, 121 -, 080 -, 005 -, 046 -, 045 W 010 117 W 290
,601 U 00 | =,121 208 -, 150 »,10h -, 058 =, 029 -, 015 ., 037 ", 017 0099 0239
,602 B,06 | 4114 -, 203 - 150 -,107 -, 049 -,015 «,007 - 042 -, 077 027 1261
,801 1,49 | =,150 =270 =, 207 -, 148 -, 088 -, 017 w042 -, 009 045 W U98 2201
,802 2,02 | =150 -, 276 “e?13 -, 157 -, 094 -, 060 -, 0u8 -, 032 1048 W 310 2237
.801 5,00 | =154 ' =,269  =,208 ' =, 150 =, 084 »,049 | =,036 e, 046 W 011 0 120 2294
B0 4,01 | =4133 » 253 -, 192 =, 130 =, 050 001 007 -, 012 @ e, 022 086 1238
.801 5,84 | =,128 =, 241 -,17% -, 108 =, 026 V60 041 -, 015 -, 140 w,138 165
,900 1,50 | =,1u4 -y 370 -, 359 «,235 -, 099 e, 029 ., 030 », 000 062 114 b 201
.903 2,00 e, 144 370 -, 372 -, 2u7 -, 090 -, 024 e, 024 -, 006 2075 W7 W 254
,902 - 3,01 =143 =365 =,367 =226 =077 . *,016 e,008 e 018 ,032 W1bd G508
901 4,02 =,146 =362 -,33% -, 196 -, 068 008 0020 e 002 -, 027 0091 W63
901 6,04 =,134 -, 352 -, 269 -, 144 -, 027 » 055 W 071 L0390 e, 124 »,183 e 1306
902 6,31 =,137 =346 -, 269 -, 138 -,016 2060 2074 .026 =, 142 =,229 1076
,943 1,50 =,117 -y,335 -, 389 =, 352 -, 315 -,085 -, 013 L0uo . 094 138 211
L9441 2,00 e 113 =,337 =, 392 =, 362 =,330 | e,084 ' =,010 L030 W101 170,265
LSue 3,00 =,114 -, 327 =, 377 =, 344 -,251 », 0067 »,002 L0117 070 178 03290
L9042 4,03 =,119 -y 332 -, 390 -, 349 -, 226 -, 031 . 037 L 031 *, 000 o113 288
L9942 6,02 =,112 =,332 «,386 =,325 =,074 L 039 ,081 LUUB =, 097  «,153  ,165
941 6,51 =114 =e336 -,387 =314 -, 052 V00 . 099 087 =, 105 w, 213 067
1,199 151 =,037 -y 129 -, 194 -, 182 -, 172 «, 147 », 1860 -, 189 =,098 «,040 2036
1,200 1,99 «,03n w139 -, 191 »~, 178 ~, 170 =, 130 »,152 =, 185 198 -, 104 2102
1,200 3,01 =,036 ~,132 -, 191 -,179 -, 170 =,120 -, 149 -, 088 -, 137 ., 209 V67
1,201 4,01 =,036 131 -, 148 -, 176 -, 171 - 121 ., 149 ., 045 =, 080 a,1%6 =,016
1,201 6,00 =,029 -, 135 -, 194 -, 180 =,168 =, 099 -, 155 014 -, 046 “«, 133 =,228
1,201 7,99 =,027 -,138 -, 195 -, 180 -, 169 -,003 »,123 Lu27 =, 038 w, 146 =,2%2
1,200 8,67 =,034 -, 137 -,195 -, 180 -, 168 =, 006 w101 028 -, 037 = ldy  =,246
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TABLE 21.- PRESSURE COEFFICIENTS FOR HIGH-EXPANSION-

RATIO NOZZLE, ROW 7

f { P, c., for =x/d of -
oM, == 2
| p, [ 0.150 " 0.500 | 0.800
0,000 1,50  ,000 =,001 i 4000
2000 . 2,01 =,000 =002 sU00
.000 3.02 -.001 . ’.002 ..001
L000 4,02  L,004 2001 001

L000 © 6,12 L001 . =,001 =002
.601 1.50 '.196 '.101 ..050
,603 2,01 =,192  «,098 «,055
.603 5.01 -.lqb -.087 '.03“
L6001 4,00 =,180 | =,070 007
.602 S.Ob .|175 .|0°3 .023
JB01 1,49 =,256  =,107  =,061
1802 2,02 %4251 =098 | =041
801 3,00 »,241 =,092 | =«,023
,801 0,01 | =,23U | «,070 25
,801 5,84 | =,212 ~o0453 066
L900 1,50 | =¢387 | =,096 | =,032
903 2,00 | =, 390 ., 097 -,018

.902 3.01 .'39“ ..089 .011
1901 | 4,02 | %4577 | =.068 | .041
.901 b.oa .'539 ..030 .102

,902 | 6451 | =338 | «,030 W01
L9463 | 1,50 | =361 | »,300 | «,038
.941 2.00 -.365 '.‘505 '.025
e 5,00 | «,368 =e320 =, 004

.902 “.03 -.360 ‘.205 .an
942 | 6,02 | =351 | »,059 102
.941 6.51 ..370 =, 056 .109

1,199 | 1,51 | «q177 | »,187 | =,233
1,200 | 1,99 | «,177 | =,187 | «,220
1,200 | 3,01 | =¢177 | «,192 | =,190
1,201 | 4,01 | »417¢ | »,190 | =,157
1,201 | 6,00 | »,172 | =,191 | =,086
1,200 | 7,99 | ¢,175 | «,190 | =,051
1,200 | B,67 | =177 | «,191 | =,060

(84
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TABLE 22.- PRESSURE COEFFICIENTS FOR HIGH-EXPANSION-RATIO NOZZLE, ROW B

Pt,j CP for x/d of -
" Po 0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.800
0,000 1,50 2000 «000 | «,000 000 | =,000 [ «,000 [ »,000 [ w,001
L000 | 2,01 | =000 | =,000 -, 001 =, 000 | =,000 | »,001 w001 ., 008
,000 3,02 | =001 «y001 -, 001 =, 002 | ®»,002 | @, 002 | «,002 | w_ 007
L000 | 4,02 | =001 w,002 | »,002 002 2001 W00 001 ., 009
,000 | 4,12 | =,001 002 | w,002 | =,001 =, 002 | =, 002 | »,002 | «,011
,601 1,50 | » 148 | «,192 | =,219 | =,23) -, 281 «, 220 | *,099 | =,073
.603 2,01 ..151 ..197 -.224 -, 2% ..263 -.231 "103 -.029
,603 | 3,01 | =,1519 w197 | w225 | *=,233 | =,287 | =,230 ., 089 ,03%
L601 4,00 | woldb | =,192 | «,217 | =, 237 | =,280 | »,23y - 077 L0098
Le02 5,06 | »,142 w186 e214 -, 227 »,205 »,1938 =, 046 L1149
.B01 1,49 | 183 | «,248 | =,281 =, 276 | =,304 | =,205 | =,081% -, 047
L8002 | 2,02 | =185 | =,251 =, 286 | = 280 | =,32% », 216 | »,084 .002
L801 3,00 w,183 | w,248 | =, 282 | =,282 | ®,307 | =, 214 | «,067 L0587
,801 4,01 | =178 | =,241 «.271 -, 265 | =,300 | «,194 -, 040 L1119
,801 5,84 | ®,167 | «,226 | =,252 | =, 240 | =,262 | =, 142 W 003 191
,900 1,50 | 4,191 o303 | =424 | e 467 | =,306 | =, 173 | w,089 | =, 034
L9003 | 2,00 | w189 | =,302 | «,427 = 496 | =,334 | =, 176 =,087 007
,902 1,01 =,189 “w,302 - 425 ., 459 -, 303 »,157 ., 069 N70 "
901 4,02 =,188 -, 300 w U148 » A19 -, 275 -, 132 ., 030 J143
L901 | B,08 =183  =,295 «,392 | «,329 =,236 : =,086 024 217
902 | 6,31 «,182 «,291 »o390 v, 298 =,224 =, 074 . 035 224
,943 1,50 =,154 =,261  =,6388 -, 480 =, 682 =549 =, 174 e 019
,941 2,00 w,156 =,204 =390 ~, 478 =,092 =, 568 »,163 L016
L9u2 3,00 e,15%4 ©, 262 =,388 = 484 w703 = 589 m, 168 .049
942 4,038 =,154 =261 =-,388 - 475 .,578 =220 -, 124 L 140
L9402 8,02 =,152 «,2061 -,387 =, 475 =,257 », 106 «,037 224
,941 6,51 =,152 =,261 ®,387 =, 470 =,202 «,090 =,043 ,217
1,199 1451 ®,036 «,091 =172 =,237 =,391 »,612  #,4815 e, 154
1,200 1,99 =,036 =,091 = 171 «,236 =,394 e,013 e,414 e, 104
1,200 3,01 *,036 =,091 -, 171 -,240 =396  =,0610 w,402 e, 044
1,201 4,01 =,035 -, 090 -, 171 =, 239 -, 394 w,014 s, 002 L0038
1,201 6,00 =,035% «,091 o171 =, 238 =,390 «,605 e,376 LUS1
1,201 7,99 «,035 -y 090 -, 171 =, 243 =,393 @ 0608 =,339 LU89
1,200 Beb7 =y036  =,091 «,171 «, 238  =,392 | = 604 =, 332 LUeb
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TABLE 23.- PRESSURE COEFFICIENTS FOR HIGH-EXPANSION-

RATIO NOZZLE,

ROW 9

", P¢, 5 \ CP for x/d of |
[ Py | 0.750 | 0.920 | 1.002 | 1.200 { 1.400
0,000 1,50 L6682 @ ,570 | ,ede .658 0659
J000 2,01 378 ' ,378 W19 LU83 LH93
000 3,02 312 2197 290 « 330 + 330
L000 4,02  ,316 0202 .197 240 240
L000 4,12 ,310 »209 192 0232 232
601 1,50 ,063 0520 W611 2672 681
,603 2,01 332 0353 353 L,499 .509
W03 3,01 317 197 1,281 .343 L343
G601 4,00 L3t 2196 185 228 228
,602 5,06  ,30AR 2196 141 J1u7 0147
LB01 1,49 ,06% 1529 o619 594 «705
LB02 | 2,02  ,323 346 346 506 527
2801 | 3,00 | G310 0198 «283 »351 W35
| oBO1Y 4,01 309 o196 0179 226 226
WB01 | 5,84 | ,308. 2196 w120 121 121
900 | 1,50 | 062 YY) 631 .701 115
,903 | 2,00 | ,323 2377 377 Y o046
.902 3,01 + 3089 0197 292 « 355 0355
,901 | 4,02 | ,309 0196 o179 . 235 e235
,901 | 6,04 | ,308 v 196 118 W115 o115
,902 | 6,31 311 v 196 116 112 o112
L9043 | 1,50 | ,059 562 W49 JJ12 2729
941 2,00 0323 0323 409 527 559
L942 | 3,00 | ,308 » 190 o310 « 368 368
Lou2 | 4,05 | ,507 0195 . 186 261 201
W42 | 6,02 | ,308 2196 o118 o116 o116
941 | 6,51 | ,308 0196 W16 $109 o109
1,199 | 1,51 | ,654 e .53 »592 622
1,200 | 1,99 | ,315 0209 0209 W410 471
1,200 | 3,01 | ,308 195 0219 .258 0258
1,201 | 4,01 | ,309 ' 196 0153 169 o109
1,201 | 6,00 | ,308 $197 A7 W17 W17
1,201 7,99 o307 + 197 111 102 102
1.200 | 8,67 | ,307 2197 BRE! W 100 2100
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TABLE 24.- STATIC PRESSURES FOR HIGH-EXPANSION-RATIO NOZZLE, ROW 10

Py,5 p/pt’j for x/d of -
M
® Po 0.573 0.591 0.650 0.700 0.750 0.800 0.850 0.912 0.950 1.002
0,000 1,50 492 « 898 H0% 12 615 0009 392 L4490 2 489 0528
,000 2,01 387 2252 254 382 392 906 0 387 .252 254 382
000 | 3,02 | ,386 0251 ,223 211 201 ,189 279 ,318 » 328 W 534
000 4,02 e 393 0251 223 f12 o201 . 189 o172 ,158 o 141 1228
Q00 4,12 2596 251 225 .21? 201 « 189 o172 .158 o141 0133
,601 1,50 + 388 2905 ,803 ,708 2613 W06 2388 L413 U480 1950
,603 2,01 e 588 2252 .22“ .3bb 376 0 395 386 252 1224 0360
603 3404 386 0252 225 o213 201 2190 285 . 317 325 e 331
H01 4400 « 386 0252 225 «213 0201 190 172 .168 142 181
L0602 5,06 » 385 251 224 213 202 0 190 o174 159 142 128
LBul 1,49  ,389 .906 804 708 W615 ,506 0389 L4443 506 568
LB02 2,02  ,38% 0253 .22% L, 344 W 373 W 391 . 385 .253 225 W 304
.801 3,00 1.7 0253 25 «213 2014 « 191 0299 521 328 1331
801 4,01 0 386 1252 0225 o212 201 o190 o172 1688 14y 216
,801 5,84 0 58S 0251 .284 ele 201 0190 0175 ,150 o144 o129
,900 1,50 0391 2906 803 707 614 .508 391 Lu78 2530 582
2903 2,00  ,385 0253 226 337 . 380 W03 . 385 .253 o226 0337
,902 | 3,01 . 386 0253 226 W213 ,201 193 2303 323 , 328 0331
901 4,02 ,38s 0253 0225 213 w201 190 172 158 J141 0237
2,901 6,04 385 2251 225 212 +201 188 174 . 159 143 128
902 6431 e 385 + 251 L 213 0201 ,189 o174 160 143 129
943 1,590 392 903 801 . 705 s013 002 392 496 550 003
L9481 2,00 0383 '251 ,226 4355 . 393 500 ,383 251 226 0555
2942 3,00 384 1252 .820 .213 .600 192 o311 . 326 + 331 » 335
,94e 4,03 0 385 21252 225 213 201 190 o171 187 o 143 €50
L9u? b2 .SAu 0251 rL .212 201 189 174 160 W43 128
. J41 6,51 113 0251 24 212 200 s 189 2« 175 160 2143 1129
1,199 1451 W 987 904 800 707 b1l 499 W 404 467 501 0517
1,200 1,99 .580 255 225 .815 .Zub 244 311 o 387 225 0215
1,200 3,01 0 385 e P54 224 P13 o199 o 195 169 166 o267 2280
1,201 4,91 s 384 0254 226 .313 0200 W 191 172 157 42 127
1,201 6,00 0 385 2 254 2206 AL .201 » 190 175 L 160 W l4d4 v 129
1,201 7,99 v 384 W P54 0225 213 2200 188 174 L1589 W14l o129
1,200 8,67 ., S84 0253 .225 213 2ov 188 175 .159 144 v129
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TABLE 24.- Concluded

!

u Pt,j ‘ p/py, 4 for x/d of -
B Po  1.050 [ 1.100 | 1.155 [ 1.200 = 1.250 1.300 1.400 1.500
0,000 1,50 ° 4593 Wblb 674 . ohU ,689 692 692 L705
000 | 2,01 0392 406 W430 455 L4483 506 2530 .549
000 3,02 v 352 0377 279 318 0528 334 0 852 ,377
000 | 4,02 4257 0265 .172 .158 141 228 2257 265
,000 4,12 1242 0 249 o172 «158 o141 133 242 249
601 1,50 0004 YL .b?l 886 «695 . 7104 091 720
,603 | 2,01 376 « 385 S434 W74 513 0937 544 570
603 3,01 T 376 .285 317 325 ,551 o346 370
601 4,00 W 2U7 1251 172 158 .1ue . 181 247 251
602 | 5,06  ,l40 ) 196 174 .159 a2 128 D140 L1986
JB01 1,49 L0615 2652 681 700 .711 718 709 AL
L802 | 2,0  ,373 .391 Laut 49y 538 557 4553 _561
L801 | 3,00  ,348 »383 299 321 328 0331 «3UB L3R3
,B801 | 4,01 s 249 252 172 158 Q141 216 0249 .252
801 5,84 113 v 154 175 160 1d3 0129 113 . 154
W900 | 1,50  ,62° 1652 W82 698 711 o721 722 7u°
,903 | 2,00  L38B0 el 473 521 W 555 569 1565 594
Lou2 | 3,01 | ,3u8 0 399 393 | ,32% s28 0331 o348 . 365
L9010 | 4,02 | ,256 202 o172 158 141 W237 2256 .262
L9081 | 6,04 | 114 s 146 174 159 143 128 114 Jub
902 be31 113 2103 #1174 160 143 129 113 .105
943 | 1,50 | 4643 075 700 AL 726 .734 749 L7158
L1 | 2,00 | o393 s 440 498 «539 S64 077 'S586 .602
942 3.00 13606 2192 311 326 331 ,535 0 3606 L 409
942 | 4,03 W2bd W 270 171 .157 W 143 +250 204 L270
Ju2 | 6,02 | L107 $153 174 160 y143 .126 0107 153
L0941 | 6,51 w107 W 092 175 . 160 143 0129 0107 092
L199 | 1,51 | ,526 .suv 560 W578 594 WH11 1629 bbb
1,200 | 1,99 | ,2086 0244 311 3%7 uos y446 Ju94 .557
1,200 | 3,01 2290 W 312 169 166 267 280 0290 312
1,201 | 4,01 .222 222 o172 157 42 127 222 222
1,201 6,00 119 077 W 175 100 o J 84 129 119 077
1,201 | 7,99 | J106 »072 174 159 o 14d 129 W 106 072
1,200 | 8,67 | ,102 2072 o175 159 o144 129 102 072
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TABLE 25.~ STATIC PRESSURES FOR HIGH-EXPANSION-RATIO NOZZLE, ROW 11

M P¢,5 p/Pt,j for x/d of -
h Py 0.912 1.002 1.050 1.100 1.155% 1.200
0,000 1,50 0483 501 011 652 WJOTH 2083
000 2,01 0332 2378 390 JHOB 426 Y]
L000 3,02 1269 2207 190 187 0200 298
L,000 4,02 251 e2h3 207 <186 o109 0 155
L000 | 4,12 253 0230 207 . 185 169 . 155
601 1450 s 451 ¢H55 815 653 0706 088
2603 | 2,01 e 310 + 355 o383 W403 W 439 Ju78
<603 3,01 1261 208 « 199 « 188 0229 W 506
,601 4,00 0252 «208 . 199 186 .169 ,15%
,602 | 5,086 238 2209 . 199 186 170 156
801 1,49 1476 0569 024 061 . 686 2+ 099
802 | 2,02 527 W 249 378 L4158 460 W503
,B801 3,00 W 274 P09 0199 191 259 W14
B0 4,01 -LX) 0209 199 . 185 108 » 1585
L801 5,84 0232 «209 . 199 , 185 W71 W 157
,900 1,50 e 498 $578 b2y b1 .688 ,708
.903 2,00 v 511 261 2 38 % LU37 LJUB9 931
902 | 3,01 0271 W 209 . 199 192 267 , 317
901 4,02 0253 210 0199 L187 L1b8 . 15%
W90t b,04 2233 208 199 185 171 W 157
902 6,31 232 209 199 183 o171 156
9ud 1450 W51 ob01 046 683 707 120
,941 2,00 290 2303 L 397 LUSe 508 ,545
942 3,00 2265 « 209 197 191 291 . 822
942 | 4,038 249 0209 . 198 186 167 154
L9ue 6,02 0232 208 . 199 185 o171 157
,9ut 6,51 2230 0209 , 199 <183 I 71 157
1,199 1,51 EY 12 D2 547 Y-y 82
1,800 1,99 514 212 W 2NA «255 810 . 353
1,200 3,01 289 0219 197 . 189 . 105 153
1,201 4,01 0234 210 . 198 . 186 68 . 188
1,201 6,00 0232 210 o199 ,182 172 o157
1,201 7,99 218 210 s 199 o182 o171 « 156
1,200 | Byn?7 | 211 $209 . 199 182 171 BLY




TABLE 26.- STATIC PRESSURES FOR HIGH~-EXPANSION-RATIO NOZZLE, ROW 12

P¢,5 B p/pt,j for x/d of -
P, | 0.573 ' 0.591 0.650 [ 0.750 [ 0.850 | 0.950 | 1.002 1.050 1.100  1.155
1,50 WS89 T 973 802 ' 618 . 389 NTE 2574 Joil 673 1678

2,01 ,317 $220 1,349 . 365 377 220 349 365 Lu02 Y
3,08 375 214 1 200 , 185 W77 , 155 ,277 L370 291 . 155

4,02 ,388 229 228 0201 ,173 156 146 L120 2302 ' 156
4,12  ,390 0?30 217 ,212 173 156 146 118 2292 W 156
1450 » 384 9106 2804 512 . 384 L4869 073 L636 L0068 NCYXS
2,01 W 3706 217 o361 373 2390 217 W 361 L373 0390 437
3,01 W 370 214 W 201 189 WA77 154 278 L33 316 2154
4,00 2376 2213 201 189 « 173 « 156 146 L1118 286 2156
5.06 0375 212 0202 190 174 . 156 147 119 o160 v 156
1,49 0 584 916 JB0U WB12 . 384 493 «580 .637 672 2089
2,02 o875 L,218 | 818 0369 375 218 318  .369 400 466
3,00 378 213 201 190 o178 176 284 315 e 369 2176
4,01 3786 213 201 , 189 172 . 156 146 L1118 2061 ' 156
5.84 0375 212 o201 189 o175 157 - 147 REL 069 0157
1,50 0 388 914 B0 613 0 385 0216 D88 - _6uv 674 2695
2.00 2375 v213 283 379 L3715 218 0283 L379 Y W D08
3,01 2370 213 202 190 178 ¢ 235 301 .319 178 02355
4,02 4370 ' L,213 W201 189 172 W 155 s 145 o7 261 » 155
6,04 0 375 W212 201 189 174 L1587 147 119 , 069 W 1587
bedl ' L37% 0212 «201 189 o174 o157 147 . 119 {0069 0167
1,50 o 388 911 o797 011 . 386 0539 0186 . 665 695 W 710
2,00 0372 217 . 335 . 397 372 217 0335 .397 W 460 524
3,00 2373 0212 L200 . 189 177 . 277 W 306 .333 177 277
4,03 W $74 212 .201 .189 171 . 155 YT JIAT 277 » 155
6,02 e 374 212 201 . 189 o174 e 197 147 119 069 2157
6,51 e 375 212 02Ul 189 o174 e 157 147 119 L0069 2157
1,51 0955 917 800 606 LU0l 492 y5086 500 2939 2598
1,99 W 370 P15 | 204 .199 . 055 W18 $ 359 L1069 .255 » 5818
3,01 372 e211 202 <190 s 1068 0 159 o 144 2h9 e 334 0158
4,01 0373 s212 202 <190 o172 157 145 119 210 157
6,00 2375 o212 202 190 0174 158 o148 20 070 2158
7.99 W 374 212 202 . 189 o174 o157 147 Jd2t W 070 W 157
B.b7 374 212 W202 L 189 174 157 147 21 070 W 157

Ly
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TABLE 26.- Concluded

" Py, p/pt’j for x/d of -

® Po 1.200 1.300 1.500
0,000 1,50 WOB2 20683 YL
L000 | 2,01 | 933 0525 526
000 3,02 W 277 R AY o291
L000 | 4,02 | ,lde W 120 L 302
LO00 | 4,12 | ,lde s 118 292
,601 1,50 +690 1698 16
,603 2,01 2900 + 556 $ 59
L6803 | 3,01 278 e 530 J316
,601 4,00 YT 118 280
602 | S,u6 | 147 119 «160
801 1,49 o101 o710 740
LB02 24,02 W28 2560 574
LJA0l 3, u0 «C84 « 515 Y.L
L8011 4,01 L,lue 118 261
L8001 5,84 147 s 119 L9
1,900 1,50 719 W 726 ,752
L0903 2,00 547 570 591
902 3,01 LS01 $319 429
JIN1 u,ne W 145 o127 2061
L9011 6,04 147 119 W 069
,902 6,31 W47 W 119 WUB9
.94l 1450 120 o734 L 7SA
L9411 2,00 558 $577 JS9A
,9ue 3,00 13086 0333 L 449
Lou2 4,03 Wl44 1187 2277
L9ue 6,02 147 119 SUbY
94l 6,51 W 1u7 119 009
1,199 1,51 W O7R 619 W16
1,200 1,99 0 459 e 455 562
f1,200 3,01 W lud 0259 P34
1,201 daul o145 0119 21U
1,201 600 olub 2120 070
1,201 7,99 147 121 07y
1,200 H,67 J1u7 121 070
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TABLE 27.~ STATIC PRESSURES FOR HIGH-EXPANSION-RATIO NOZZLE, ROW 13

P, l p/pt’j for x/d of -
Mo Po . 0.912 1.002 ' 1.050 | 1.100 = 1.155 1.200 -
0,000 1,50 « 372 «bd3 «b67 073 075 s 675
,000 2,01  ,238 . 321 W413 «537 W532 WO16
L0000 3,02 v 2350 190 181 166 160 276
,000 4,02 232 1091 196 167 146 135
L0600 44,12 1232 201 o191 167 Jlde ¢ 1358
L,601 1,50  L386% W 618 661 .b7R L 684 087
,603 2,01 ,234 0297 386 Lu49 515 .54
603 3,01 0250 189 .178 167 147 o270
L0601 4400 v 231 s 188 o177 167 LJub 134
,502  S,06  ,231 +188 $177 64 Q148 . 135
L801 1,49 s 396 008 Y Y 687 2698 W 704
JB02 2,02  ,233 264 ., 381 LUuo .509 W543
.B01 3,00 229 e 189 o179 72 o 1 4B 275
801 4,01 +230 »188 177 167 yLUG 138
LB01 5,84 ,230 . 188 0177 062 0 149 2136
,900 1,50 Ul 618 5606 . 690 702 109
,903 2,00 ,233 2283 .383 L459 0517 o954
902 3,01 1228 « 189 . 180 177 170 .84
L901 4,02 2230 . 189 178 167 L1406 . 134
,901 6,04  ,230 0188 77 L1862 J149 135
,902 6,31 2230 . 188 L1771 162 o149 . 136
L9943 1,50 ,426 $047 | L0685 .702 W15 N FI
.901 ?.00 .23‘ '5(}3 ; 'ull .u7b .528 .Sbo
,942 | 3,uv | 227 189 | 179 D177 ,230 ,298
,942 4,03 £ 229 s 188 178 ,166 L 145 134
,942 6,02 0229 188 o178 161 148 . 135
941 6,51 0230 188 o177 162 149 136
1,199 1451 s US4 511 .57 2539 0554 574
1,200 1,99 228 196 204 0257 . 320 , 580
1,200 3,01 2227 186 178 174 o147 . 135
1,201 | 4,01 228 W 187 ,178 167 148 . 135
1,201 0,00 0229 o188 179 161 , 149 o 1306
1,200 | 7.99 | 229 W 187 177 161 ,149 . 136
1,200 | 8,67 | ,229 W 1R7 o177 J162 , 149 136
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TABLE 28.- STATIC PRESSURES FOR HIGH-EXPANSION-~RATIO NOZZLE, ROW 14

pt,j P/Pt,j for x/4 of -
Po 0.573 0.591 0.650 0.750 0.850 0.912 0.950 1.002 1.050 1.100
0,000 1,50 [ 1,001 0915 817 YY 423 , 499 0559 Lbud o677 W 075
,000 2401 381 W2uB 225 ,388 381 248 v225% .3a8 L429 WHU9
.000 3,02 0373 0234 200 L 184 173 171 289 L339 0353 Yy
L000 4,02 0373 0237 202 .188 o173 154 140 . 153 . 234 e
000 4,12 374 239 204 o 182 .172 154 0140 L1as P22 €57
,601 1,50 2985 915 L8111 L6012 413 W76 498 .594 062 DBY
2603 2,01 0 580 2242 0235 . 35A. 03595 242 0235 .358 « 355 4us
,603 3,01 375 »233 201 182 1069 162 | 246 .328 0369 0 345
601 4,00 375 233 0200 . 181 , 1068 J154 1,139 L134 L1198 2273
,602  S,u6 374 +233 W 200 ,181 .08 155 L 140 .130 110 W82
801 1,49 986 e 315 .B11 613 Jutd 475 507 .605 Y1 0093
802 2,02 e 380 22Ul o283 e 345 J3U6 L 24y 283 . 345 . 346 Q419
.801 3,00 W 376 0233 L201 . 183 L, 170 62 1,233 321 0377 » 565
801 4,01 0375 032 200 181 108 154 | L1139 L1132 o118 W 2H2
L8011 S.H84 W 374 0233 W 2010 181 107 155 140 2130 107 127
. 2900 1,50 2985 W 915 812 012 415 J480 ¢ 521 .623 o675 2695
| 4,903 | 2,00 W 881 W 245 342 357 . 508 W 248 o342 L3687 368 424
902 3,01 876 2232 W2U1 182 W71 Jd60 241 L312 . 385 , 585
901 4,02 376 232 201 182 1068 154 | ,139 132 175 287
.901 6,04 0 374 0233 0200 o181 168 G155 | 140 130 o107 o118
902 6,31 0375 0235 2200 182 w167 1 185 140 130 Jive w107
Lou3 1,50 ,981 W911 WB06 L610 J420 | 502,548 ,bu2 o691 0707
94Ul 2,00 378 1261 0365 W 370 2385 | 26y + 365 .370 . 385 W U38
,942 3,00 + 373 e 2350 200 L181 WJ1T70 0 174 W 274 .318 . 399 W 171
J9u42 - 4,03 0 874 0231 ,199 L181 Ji08 | ,153 ,138 132 208 0299
L9062 6,02 374 232 o199 L1181 67 185 W139 ,129 L1086 115
L9ut 6,51 374 0232 . 199 181 . 1068 , 156 W 140 L129 107 o104
1,199 1,51 982 912 «BOA .04 2405 TS| L U497 .atd 532 U7
1,200 1,99 0379 0237 20N . 192 192 .278 326 390 192 278
1,200 §401 377 233 201 J1R2 ., 169 153 142 185 270 509
1,201 4,01 377 02335 PU1 . 182 . 168 o 154 140 131 o158 198
1,201 £,00 0877 W 234 202 183 L1069 156 S 141 .13 108 113
1,201 7,99 W 370 234 W 201 182 109 L1558 0 14y .132 ,1u8 . 095
1,200 Beo? 376 234 201 187 169 : . 156 141133 108 , 092
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TABLE 28.- Concluded

" Pe,5 P/pt,j for x/d of -
® Py 1.155 1.200 1.300 1.500
0,000 1,50 L0673 W673 670 673
000 2,01 517 W510 .501 $507
L0u0 3,02 289 0339 . 353 324
L000 4,02  Ll40 0153 .234 2606
L000 4,12 140 145 222 257
L0601 1,50 L0685 WbRYU W683 . 695
<603 2,01 27 2542 H2u 529
603 3,01 s CUD 0328 ¢ 369 . 545
L0601 4,00 «139 134 . 198 P73
L0602 5,00  ,140 01350 114 J182
L8001 1,49  ,699 0703 L1006 N ET
802 | 2,02 . ,505 547 2545 V551
801 3,00 0233 0 32) 0377 « 365
JBol 4,01 ,159 0132 W178 W2R2
801 S.B4d o140 e 130 « 107 127
900 1450 s T0B T e 7117 . 787
903 2,00 2S00 S4B .68 W72
902 | 3,01 | ,241 W312 . 385 . 385
L901 | 4,02 | ,139 0132 $175 287
L9001 | 6,04 | 140 o130 0107 W13
902 6,51 140 0130 1006 107
,943 1,50 o714 2720 « 120 o TUB
L4 | 2,00 | G512 ¢560 .579 L5811
942 3,00 274 318 « 399 LU0
JOL2 | w,03 | L1138 o132 206 . 299
,942 6,02 139 o129 100 o115
.41 6,51 140 o129 W 107 ,1038
1,199 1,51 v 965 583 L02% 668
1,200 | 1,99 | ,326 $ 590 467 W533
1,200 | 3,01 | ,142 e 165 276 302
1,201 4,01 W 140 o131 W133 .198
1,201 b,yul 141 + 131 108 113
1,201 7,99 W14 o132 108 L093
1,200 B,07 o 141 2135 L1088 092

~ =5 N
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Nose-forebody Low-pressure plenum ——t<Instrumentation=}<—Transition

Nozzle

Nozzle exit
A - 265.61 em?

Metric break
Sta. 0.00 Sta. 67.31 Teflon seal

Sta. 139.83
High-pressure plenum Bellows Sta. 104,01 Sta. 122.94 Sta. 167.15

/’é’;—"’" 222z Mgizm 77

t Balance \- Baffle plate 12 total-pressure probes and
1 total-temperature probe

Tunnel
center line

Airflow

8 equally spaced nozzles
exiting radially
30% 40%

30%
of chord of chord of chord

Sl ”’,:77/7/"/7/-// s

55,88

Streamwise blade chord length
50. 8 cm and thickness ratio
of 5 percent

Figure 1.- Air-powered nacelle model with nonaxisymmetric plug nozzle installed.

All dimensions are in centimeters unless otherwise noted.



z'(x X -
alx 5 3 !
0.0 < x' < 15.2654 15.2654 < x* < 67.31
. . [ 2 .
a{x') = x' tan (%) a(x') = ax’ +a, + a3(x")" *+ agx' + ag
b(x')=x‘tan& b(')-bx'+b+b(x')2+bx'+b
T80 X =0 P L 4 5
n{x') = 2.00 W - ; (x' - 41.2877)_ +5.50
} n(x') = 3.5 sin 7 046 .
|
‘. n L ‘ bn Y
1] -0.363118 -0.209539
, 2 |-25,208332 -5.578971
' Sta. 67.31
Sta. 0.00 bx') 3| -.834887 x 107'3] -.213163x 10713 ‘
l ¥y 4 | 42.329327 11.548538
5 | 548.051732 -17.942117
) Nose-forebody external geometry parameters
1
x| ax') | b{x") ! n{x") x! a(x') | b(x') nlx")
a{x') 0.00 | 0.0000 | 0.0000 2.0000 34,29 | 7.0564 | 6.6797 : 4.0652
1.27 |\ .3167 | .3167 2.0000 35.56 | 7.1923 * 6.787] | 4.3139
2.54 | .6332 | .6332 2.0000 | 365,83 | 7.3205 * 6.8877 . 4.5695
3.81 | .9500 . .9500 | 2.0000 138,10, 7.4412 . £.9817 ' 4.8307
5.08 | 1.2667 | 1.2667 | 2.0000 l 39.37 | 7.5547 | 7.0693 | 5.0957
6.35 | 1.5832 | 1.5832 , 2.0000 | 40.60 | 7.6614 | 7.1514 ! 5.3632
7.62 | 1.8999 : 1.8999 | 2.0000 | 41.91 ! 7.7612 ' 7.2276 5.6314
8.89 | 2.2164 | 2.2164 | 2.0000 : 43,18 | 7.8547 | 7.2984 5.8989
10.16 | 2.5331 | 2.5331 . 2.0000 i 44.45 { 7.9418  7.3645 6.1641
11.43 | 2.8499 | 2.8499 ! 2.0000 . 45,72 | 8.0231 7.4254 6.4253
12.70 1 3.1664 . 3.1664 ; 2.0000 46.99 | 8.0985 7.4816 6.681
13.97 | 3.4831 : 3.4831 ' 2.0000 | 48.26 ' 8.1681 7.5334 6.9299
15.24 ' 3.7998 ~ 3.7998 : 2.0000 ! ' 49,53 B.2326 7.5809 7.1704
15.26 | 3.8062 | 3.8062 . 2.0000 ! ¢ 50.80 8.2913  7.6243 7.4011
16.5] ' 4.1082 | 4.1041 * 2,0098 . 52,07 8.3449  7.6639 | 7.6205
17.78 - 4.4003 | 4.3845  2.0402 { | 63,34 8.3937 7.6995 | 7.8276
19.05  4.6769 , 4.6441 2.0909 | | 54.61 8.4376 7.7313 | 8.0209
20.32 ' 4.9388 | 4.8847 2.1617 ' 55.88 , 8.4767 7.7597 8.1995
21.59 | 5.1872 | 5.1087 | 2.2520 | | 57.15 ' 8.5113 7.7848 8.3622
| 22.86 | 5.4229 1 5.3172 ( 2.3614 ( | 58.42 . 8.5413 7.8064 8.5080
20.13 | 5.6459 | 5.5118 | 2.4892 | | 59.69 | 8.5669 7.8250 8.6362
) 25.40 | 5.8577 | 5.6937 | 2.6348 60.96 | 8.5885 7.8402 8.7460
26.67 | 6.0582 | 5.8636 | 2.7971 62,23 8.6058 7.6433 ; B.8367
27.94 | 6.248) | 6.0228 | 2.9754 63.50 . 8.6192 ' 7.8621 | 8.9078
29.21 |6.4282 |6.1719 | 3.1684 64.77 | 8.6286 | 7.8687 | 8.9598
30.48 | 6.5987 |6.3116 |3.3752 66.04 | 8.6342 | 7.8727 | 8.9897
31.75 | 6.7600 | 6.4422 | 3.5944 67.31 | 8.6360 | 7.8740 | 9.0000
33.02 | 6.9124 |6.5649 |3.8249
-
(a) Nose-forebody section, with equations and table defining the external geometry.
Figure 2.- External geometry of nose~forebody section. All dimensions are in centimeters .

€S

unless otherwise noted.
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() Tatp o]n(x")
e (x) = [g‘(’j(.ﬁ]” ), [_(_h; 9]” '

(b) Superellipse cross section at constant value
of x', looking upstream.

Figure 2.- Concluded.



122.94 < x' < 134,29

cos e]“(

o] ]

Sta. 122.94 b(x')

Sta. 139.83 z'(x') = r'(x") cos 8

X-)}-1/n(x')

Transition-section
internal-geometry parameters
x' a{x')  b(x') n(x")

! 122.94 6.2865 6.2865 2.0000
| 2 126.75 6.2865 6.2865 2.0000
: 127.13 6.2865 6.2675 2.0151
127.51 6.2865 6.2144 2.0612
a(x') 127.89 6.2865 6.1303 2.1406
128.27 6.2865 6.0216 2.2576
128.65 6.2865 | 5.8953 2.4187
129.03 6.2865 | 5.7595 2.6338
S X! 129.41 6.2865 | 5.6215 2.9173
129.79 6.2865 | 5.4882 3.2908
130.18 | 6.2865 | 5.3647 3.7863
130.56 | 6.2865 | 5.2553 4.4539
130.94 | 6.2865 | 5.1623 5.3737
131.32 | 6.2865 | 5.0874 6.6810
131.70 | 6.2865 | 5.0302 8.6176
132.08 | 6.2865 | 4.9893 11.6511
132.46 | 6.2865 | 4.9627 16.7835
132.84 | 6.2865 | 4.9474 26.4952
133.22 | 6.2865 | 4.9403 48.4106
133.60 | 6.2865 | 4.9378 | 116.5000
133.99 | 6.2865 | 4.9375 | 587.9680

134,29 | 6.2865 | 4.9375

139.83 | 6.2865 | 4.9375

134.29 < x' < 139.83

0° < 9 < 38.1460°
y'(x') = a(x') tan 8

z'(x') = a{x")
38.1460° < 8 < 90°
y'(x') = b(x")
2(x') = g

Pigure 3.~ Transition section with equations and table defining the internal geometry. All
dimensions are in centimeters unless otherwise specified.
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1-81-6332

I-81-6334
(b) High-expansion—-ratio configuration.

Figure 4.- Nonaxisymmetric wedge nozzles.




- Tl

Sta. 141.73

A

Sidewall

(0,0)

A

Sta. 148.85

|4

Figure 5.- Internal and external geometry for both nozzle configurations.
All dimensions are in centimeters unless otherwise noted.

(a) Wedge geometry.

. 15.748
. 25.417
. 16.398
. 0.958
. 5.955
. 9.019

9.303

. 14.729

9.417

. 13.491
. 0.681
.. 2.212
. -3.553

{,0)
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Sta. 141.73

(0, y: 14
5 (e ¥, % oy
(xr,Z‘yr, 2) 6 1.t 71t
0.y,) 2 (Xe. G
. ¥g
(¥, / (K ¥)
(x
3 Sidewall
i /
0.0 h
o Y, ! (xr, 3 ¥, 3
Low-expansion-ratio configuration
Sta. 141.73

{0, y5)

(0, yo)

0 N ol
X .Y, o
.31, 3
{0, yr,l) r.
High-expansion-ratio configuration
Low High Low High Low High
expansion | expansion expansion | expansion expansion | expansion

ratio ratio ratio ratio ratio ratio
Ae/At 1,060 1.200 Xt 14,366 13,068 Yoo 2.048 1.997
he' 1707 3.652 X 7.214 1.214 Yt 2.3% 2.381
ht' . 1.611 3.04 Xp. oo 7.463 Yo© 4.937 4,937
t. 25.417 25.417 X3. o 11.973 12,183 Yy 4.93%7 4.9%
le. 15,782 16.025 Xgo oot 7.553 7.553 Yy 4.958
n-- 23.622 23.622 Ypooo - - 3.856 5.750 ¥y 4.321 5.315
Ty . 0.871 0.871 Yoo 3,755 5.649 Yy 6.634 6.634
3. 18.220 18.220 Yey- - o 3,931 5.423 Ys - 7.814 1.814
Xg - 15,782 16.025 Yr1 -15.748 -15.748 o deg - - 8.448 4,073
LI 14.603 12.852 Yro 5.809 5.809 B.deg - -| 18.647 5.955
X g 7.2714 7.214 Ve 3- -13.282 -12.828 Ao deg- - 0.000 12.521
X3 -| 1.24 11.413 Yoo oo - 0.606 0.606
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(b) Flap geometry.

Figure 5.- Continued.




e -

Sta, 141.73
t |
{0, h)
f
y
(0,0 X
Oy )
r.l x-y plane
Sta. 141.73
0 ) (xs. r Zs.l
"Z5,2
{, Zs, b)
0z )7
"%5.0 I Lz, )
r s, 0
s
z
{0, 0) { X - (o
(©, zg r)
X-z plane
h. . 7.814
1. . 25.417
1. ...16.398
w
n - . 23.622
rs . 23.622
Xg o 7.553
X1 - L9
yg - - - 6.64
Vel 23.622
¥ . 0.606
20 6281
zg ) - - B.555
259 - - 8.636
gy - 6.604 .
¢ -23.622
B, deg - 18.647
Bg. deg. 4.753

I

(c) sidewall geometry.

Figure 5.~ Concluded.



Sta. 139.83 x/d = -0.75
Row 1
Sta. 141,73 — O —l»x/d =0
X
O
O
O
Row 3
O
Row 2 Row 3
O O q
O
O
O O
_ (@) :
Internat orifice coordinates
Row 1 Row 2 Row 3
x/d — -
y z y z y 1 z
Low expansion ratio
0,000 4,938 0.000 3.144 6.033
.300 4.938
.450 4.938
.550 4,884
.650 4,695
750 4,364 4.364 4.364
.800 4,228
.815 4.053
921 3.931 3.931 3.931
975 3.819
1.002 43806
High expansion ratio
0.000 4,938 0.000 3.144 6.033
.300 4,938
.450 4,938
.560 5.206
.661 5.363
763 5.381 5.381 5.381
.814 5.420
.889 5.505
.942 5.564 5.564 5.564
.990 5.616 a
1.018 5.649

3Base pressure.

(a) Internal flap pressure orifices.

Figure 6.- Pressure orifice locations. All flap pressure orifices are
located on top flap; all wedge pressure orifices are located on top
of wedge. All dimensions are in centimeters unless otherwise noted.



Z
Sta. 139.83 — Of xid=-0,75
Row 4 Row 5 4
Sta. 141.73 ___ 0O 0O ¥d =0
0 ]
O O X
O
O
O
i O I
O
| O O
Left Right i O
‘ O
O
O @)
O
Q

External orifice coordinates

Row 4 Row 5
x/d
y z y z
Low expansion ratio
-0.100 7.814 0. 000
.000 7.874 1.812 4,318
.100 7.821
150 71.756 7.755 5.023
.200 7.663
.250 7.544
.300 1.397
.400 7.019
450 6.786
.500 6.526
.550 6.260
.600 5.994
.700 5.463
.800 4,931 4,931 3.8%
.900 4,400
1,002 3,806
High expansion ratio
-0.100 7.874 0. 000
.000 7.814 7.872 4,318
.100 7.821
150 1.756
.200 7.663
.250 7.504
.300 7.397
.400 7.019
L4850 6.786
.490 6.618 6.618 4,02
542 6.532
.5% 6.446
.699 6.273
804 6.109 6.101 3.835
.909 5.928
1.018 85,750

a
Base pressure.

{(b) External flap pressure orifices.

Figure 6.- Continued.

L9

B



29

Left

Sta. 139.83

y
Sta. 167.15 1
) Row 6
Sidewall external orifice coordinates
Row 6 Row 7 Row 8
x/d
y z y z y z
-0.100 0.000 8,636
.000 8.636 7.189 8.096
100 8.583 7.185 8.081
.150 3.878 8.521
.200 8.456 7.150 8.055
.300 8.325 7.031 8.054
.400 6.812 8.065
. .500 8.063 3.253 8,063 6.408 8.011
.600 5,869 7.885
.650 7.866
.800 7.670 2.466 1.670 4,790 7.635
1.002 7.405 3,696 7.382
1.200 2.620 7.133
1.224 7.146
1.400 6.884
1.614 v 36,445

3Base pressure,

(c) External sidewall (right sidewall) pressure orifices.

Figure 6.- Continued.
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Sta. 139.83

Right

oo T SS— |

Sta. 167.15

" Sidewall internal orifice coordinates '

x/d ROVJV 4
y z
0.750 3.262 6.287
.920 3.14
1,002 2.902
1.200 2.552
1.400 1.489

(d) Internal sidewall (left sidewall) pressure orifices.

Figure 6.- Continued.
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g

¥ _ SO
Sta. 148.85 o Rl
p O O
O
0O O O
O
O O O
O Rwl13 O Rwll O
O O O O O
Left O O O O O
Right O O O O O
O O O O O
Row 14 —T1 O O O O O
O
Row 13—/ O O @)
Row 12
O
O O O
Row 14 Row 12 Row 10
Sta, 167.15 R
Wedge internal and externalVglfiiéggqorciinites;i__:M:;:; |
y at-— e ] S _
x/d Row 10 Row 11 Row 12 Row 13 Row 14
(z = 0.000) (z=-1.572) (z=-3,144) (z=-4.715) (z=-6.033)
0.573 0,000 0.000 - 0.000 |
.591 .681 .681 .681
.650 1.434 1.4 1.43%
.700 1.867
750 2.160 2.160 2.160
.800 2.3%
.850 2.401 2.401 2.401
.950 2.223 2.223 2.223
1.002 2.048 2.048 2.048 2.048 2.048
1.050 1.888 1.888 1.888 1.888 1.888
1.100 1.721 1.721 1.721 1.721 1.721
1.155 1.53% 1.536 1.536 1.536 1.53%
1.200 1.721 1.721 1.721 1.721 1.721
1.250 1.218
1.300 1.051 1.051 1,051
1.400 716
1.500 .382 382 o .38

(e) Wedge pressure orifices.

Figure 6.~ Concluded.
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! @) Low-expansion-ratio nozzle
f D High-expansion-ratio nozzle
1.04 m

1.00 LN
Wplwi |
.96 ¢
.92
1.04
1.00 i
F/Fi
.96 fimmm
.92 U ' ‘
1 2 3 4 5

P i/ Peo

Figure 7.- Static performance data.
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1.08

1.04

wplw
.96

.92

1.08

1.04

wplw
.96

.92

Figure 8.- Variation of discharge coefficient with free-stream Mach number.
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(a) Low-expansion~ratio nozzle.
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(b) High-expansion-ratio nozzle.
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(b) High-expansion-ratio nozzle.

{a) Low-expansion-ratio nozzle.
Figure 9.~ Variation of thrust-minus-nozzle drag ratio with free-stream Mach number.
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6 MOO 6 a MOO
O 0.00 4 O 0.00
O .60 / a .60
O - / O i
5 A .90 5 Saan A .90
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1
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(a) Low-expansion-ratio nozzle. (b) High-expansion-ratio nozzle.

Pigure 10.- Variation of thrust coefficient with free-stream Mach number.
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(a) M, = 0.60.

Figure 11.- Static-pressure distributions along wedge surface at selected
test conditions for low-expansion-ratio nozzle.
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Figure 24.- Effect of nozzle pressure ratio on sidewall center-line external
pressure profiles for low-expansion-ratio nozzle.



]

S0l

M = 0.9 M, = 0.94
'éé“? 4”!8
Tl 7,:’ =¥
J /zi? : jg =N
] i 4 ™
—— 5;2..:;§;;i§:ss::::‘> fns
== = =it
? *’iik — el
K ! = i——_—::
’\/ L(V— .
= e
. 1
P ifPeo P, /P
o L5 o LM
o 1Ly o 2.0
Oy O 2.98
A 4w A A0
N 599 - No6.00 —
D 8.0 : : — ; D o802 !
o 9.9 mesmaman 0 9.9
i
6 8 1.0 1.2 1.4 -2 0 2 4 6 8 1.0 1.2 1.4

(b) M_= 0.90 and 0.94.

Figure 24.- Continued.



1.4

1.2

1.0

M = 1.20

H - - oL IR W
1 " sy T " T‘”.w.v‘,Ll
. I MR B
L iy T I MR OO DA U O U 0 I
: e+ |1 o ot N I
: NS B L S S I WAL i e k
] Lolg I L RN ikt 2]
: N L . i FLL.WHET, .T)r,,?.
7 vuﬂ. et . Apot . _u_ qﬂ,.
: i . — - —l " .
IS0 R S O 2 1 L R Y O L
0 A, S M s P ot I I AR e S8 S
‘. N ™ f _r v =1t N
7 L S S R RS SRS
Hf : by + ; o e o
DA B N RN N S S, 1
' H v L
A A A k _ A A
o : ;
M._ AH + s m
EEsanEn T
e -
I VR -
T P—’ﬂ hA- ﬂ
t L_Jf” T w 1
T /8 Q o =~ Oy O O :
w f%»ﬂH/ _.3. .0/.0.01.01.01. : -
— e e ..!.n./._n/_.n_._.?-/n-/_rF_J.H
magl o o
1| . T ! N
ama e ]
! T I
o o044 aQ i
. S
N R R
,J.HJ ¢ ’ T .QT;JY..:_. Rdtanst SRR EEELE DR EEE +
— ._.imlwl.. AN SN maer r..r4.r,...#..+ +ot b 4.4...1# e oo m ol
— ; . —— T e o -+
i L s e f b o bm e s p et
R N Lf AR N S Ik ) N _”h»“ff s
0 N A S I T N DO IS L
T o I S = N RGN
- + ek = . N T g rep bt
H _, : — 4¢“ + F_«_ﬁA.ﬂ_ N T
I i 1 L Ly i HINRYS IR R RN I S A AR
HERER] 1 T T H M, T T T H N
| . o 0lm | - i 1 4 R BNEBEN
. i __1,1 1 NN BRI ; BENEERRE RREER NS
I T 0 I T 0 S T
4 D I I : i R N L
gee e e
[ R H I IS
H i I I ) N A N R
N N ; HiH n HA “rn_Mm» . —
: T b N D O O O L 1
RN T H_h_: R W B i
i : T T e e e
e HELNE IR T [ B i I .
. IS TR | . o T N O A
R + : L g
— e RS B m it SO
ey A;vm I L i ke [ _‘._ AR
] : T IR ! NN I H
v,p_ H H ,_m HI iy 1 ol N I
| ; . P ; I R : L HN
1 (0 [ IR I I ,j.ﬁ,Lr.A I
I H T 1 ™ T H [ .,_\ﬂ!d
" . ' bt = b -
i - i Jmeirapmmelvmebo o
; ¢ —t (ot e ; frmfpriee
: “ R ERRAN A% m R .
— e e :
B NS NS 7
i
H

x/d
M_ = 1.20.

{c)

Figure 24.- Concluded.

106



LOL

4 }
2
s
] ; |
il | == E
T — ‘ 2 e—
0 ;I?! E=§§s;§§§::snf__ﬁm_____. ‘ ‘EI =S .
i = —a g’ 5
3 i y
_ 2 — i‘ ?5 — =r Ip
Ny #i I“ x\:‘ I F -
Cp !i‘\ EJE s ‘h 7
eg : R ?Ef'
~4 [ .
o0 it S
' o L% — = 0 1%
-6 2oz o 2.0
- ' O 3.01 o 3.00
4 400 A 401 |
N 5.06 s
-8 = : == =
: : : . .
]
-1.0 :
“ 0 -2 4 -6 -8 10 Lz -2 0 2 4 6 8 L0 1.2
x/d

(a) M, = 0.60 and 0.80.
Fiqure 25.- Effect of nozzle pressure ratio on flap center-line external
pressure profiles for high-expansion-ratio nozzle. Base pressure is
indicated by solid symbol.

L



108

M, = 0.94

=0.90

M

(R NN

JRESIEE By,

THITA SNHENEE T 11 1 g
F T T R T r ¥ T
L AT T T 1 T4 [ X
o L T gugay [
] - T30 ] 1
1T Tl =5 P
1] i =
T = = ] R 1
EnAuASRisndpnEnny Egppass i spey
I O (11 14 £
T ] HH
AndEARERaRN in T e e
TR ERNENERESN AEBENARAY RAEFuNEREN
L. 1 4 Sy i 4 A .
Ty H 1 JA.TI[ 1 1 1 y.ﬂl._,l,vIW
Hlv I ..H‘ 1 -4 i 4 _I.r|.11 43 Lo +1 = t - * i
GHH B HA T T ! RSN DR RaRA
SE% X o m i HT I ]
T ey gy TTIT Tt T
T I A e o it T T
(Y1) T
H HHHT & gszyss
y IR PTI T ™ S S <S8 S
L Trifelietl I - pt
L BERSE NN
- I
A - onow4a4a
] z. NTITTIOI T 1 _ (T
i\ 1 [ k
INNETHI ,
T T T
u ] ] T T
i T L T T HH
R N T T8 AR aRE N
L] N! L1 4
L N} - 4 |
N TITI T e 25 ENEEE SN
4 el i - L
] TR ]
|| e T
piSssRsusnandopbud SANEE silitaiinid I
11 fEfEnnnuRuat naNs: T iy ]
+H ] 1 .‘J.r {11 X ﬁMTK\ ﬁ— 1 N .
T I § Lt H r
. 5 W T
i ERpZ g ITHT g Esds
S AT I 3

-.6

=84

1.2

1.0

1.2

1.0

-2

x/d

M, = 0.90 and 0.94.

(b)

Figure 25.- Continued.



W, e

s

M, = 1.20

4
.2 I Lia
i " W] Y
/E:,,:" i
- AT
0 g& HA’ N o
,‘\‘\i - ///lf‘%; ==&
W L& ] b
1+ Ll TN L i 73 " -
w2 L Napppes . HER i’
+ N | Lan i
PR 2t L L
] Hﬂ"\‘d pt '/poo 7! N
-.4 7 7 ’J -+
il TN | O L5l :
il - : O 1.99
T 58 O 3,01 HHH PO
o A 4.01
T N 6.00 -
| D 7.99
il 0 8.67 gepsmnEn
- 8Lr il
-1 ot SSERR 1] i T T

.2 .4 .6 .8 1.0 1.2
x/d

(c) M_ = 1.20.

«©

Figure 25.- Concluded.

109



oLL

M, = 0.60 M, = 0.80
4
.2
0 T | A i!f;%:——:ii ! " Fror e o — %5%’(_“2—1
e ———— i : f f T e P T = :
— e = === = e Jj :z:'a%f:ﬁéi F ‘
— A ‘ e s e BN - B P ! i
_____ e e e
- 2 ¥ “ - i Ek\ If ) ——
L CEEETTENSS EEE;[M‘ : :
C } . Sesasas: Ba, | e 5 T
" SR
-4 F
P, P 2 |
o 150 o
-6 0o 2.0 a
< 30l o
_____ A 400 A
. N 5.06 =N
B | [romtemane——
-2 0 .2 .4 .6 .8 1.0 1.2 1.4 -2 0 2 .4 .6 .8 1.0 1.2 1.4

x/d

(a) M_= 0.60 and 0.80.

[+ <]

Figure 26.- Effect of nozzle pressure ratio on sidewall center-line external
pressure profiles for high-expansion-ratio nozzle.
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